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Abstract 
Despite  their demonstrated potential  through a  range of early  studies, on‐line  collaborative 
learning  systems  do  not  yet  have  the  impact  that  many  believe  is  possible.  In  particular, 
collaborative  learning  approaches  cannot be  readily  applied  to  every  e‐learning  experience, 
since they require a degree of presence and/or collaboration which may be difficult to achieve. 
In  addition,  collaborative  learning  systems  often  lack  the  challenging  resources  and  tools 
required to fully support collaborations, making the experience unattractive to end‐users and 
discouraging  progression.  Whilst  the  learner  might  expect  to  control  the  collaborative 
experience, often  it  is  the collaborative experience  that controls and  limits  the  learner. As a 
result,  collaborative  learning  resources  can  lack  authentic  interactivity,  user  empowerment 
and  balanced  levels  of  challenge,  thus  having  a  negative  effect  in  learner  motivation  and 
engagement.  
To  overcome  these  deficiencies,  this  thesis  work  proposes  the  provision  of  software 
infrastructure  to  support  new  types  of  pedagogically  augmented  collaborative  learning 
methodologies  and  resources  by  means  of  an  innovative  application  framework  called 
Virtualized  Collaborative  Sessions  Framework  (VCSF).  The  VCSF  helps  meet  challenging 
pedagogical  requirements  in  online  collaborative  learning,  such  as  increasing  student’s 
engagement  and  learning  performance  during  the  collaboration.    In  turn,  the  systematic 
application  of  the  VCSF  platform,  enriched  with  semantic  technologies,  enables  e‐learning 
developers  to  leverage  successful  collaborative  learning  experiences  in  a  software  reuse 
fashion while saving development time and effort.   The framework has been prototyped and 
successfully  tested  in real environments,  thus showing  the software reuse capability and  the 
pedagogical benefits of the VCSF approach.  
The VCSF exploits a new paradigm named Collaborative Complex Learning Objects (CC‐LO): a 
special  type  of  Learning  Object  which  aims  to  leverage  the  knowledge  elicited  during  live 
sessions of collaborative  learning, augmented with author‐generated  information, to produce 
interactive and attractive resources to be experienced and played by learners. During the CC‐
LO  execution,  learners  can  observe  how  avatars  discuss  and  collaborate,  how  discussion 
threads  grow,  and  how  knowledge  is  constructed,  refined  and  consolidated.  Furthermore, 
learners  can  interact  with  the  CC‐LO  in  order  to  modify  some  parameters  observing  the 
consequences and assessing  their understanding. Then,  the CC‐LO  concept  is extended with 
the definition of Collaborative Complex  Learning Resources  (CC‐LR), which are  customizable 
CC‐LOs with  new  capabilities,  such  as  cognitive  assessment  and  emotional  awareness,  that 
open  a  window  towards  an  authentic  social  interaction  and  learning  experience  through 
accountability and constructive feedback. The CC‐LR approach is created, edited, executed and 
fully managed by the VCSF tools. 
In  addition,  the  VCSF  platform  extensively  leverages  standards  and  defines  new  ones.  In 
particular, a new ontology called Collaborative Session Conceptual Schema (CS2 for short) has 
been  defined  in order  to  enhance  the portability  and  interoperability with other  e‐learning 
systems. The  intrinsic extensibility of  the  system enables  the  interaction with many kinds of 
collaborative sources; the only requirement is to create a conversion mapping from the source 
   
model  into  the CS2 model, which  is  the  common  standard  format used as  the  input  for  the 
platform. 
Finally, multimedia and networking technologies are found an important support for education 
and make  the presentation of  learning materials  easier  to be  adapted  to different  learning 
goals.  From  this  motivation,  the  VCSF  makes  an  extensive  use  of  multimedia  resources, 
including images, videos and text‐to‐speech audios, etc., and is flexible enough to be extended 
with more  complex  and  specific multimedia  requirements.  From  a pedagogical perspective, 
the VCSF flexibility becomes essential for delivering personalized learning materials to students 
with different learning styles and needs, as well as allowing students to learn more effectively 
and  increase  their  motivation  and  engagement  in  the  learning  process  as  certain  studies 
confirm. 
In  order  to  validate  this  thesis  outcomes,  the  VCSF  framework was  extensively  tested  and 
evaluated  in several higher education  institutions and  in different contexts of e‐learning and 
blended  learning,  with  the  collaboration  of  distinct  types  of  roles,  including  students, 
professors (both technical and not technical) and developers. These evaluation studies allowed 
for the validation of the VCSF purposes and objectives, and also provided valuable feedback in 
order to improve the prototype developments and move forward to future steps of research.  
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1. Introduction 
1.1. Introduction to Collaborative Learning 
Computer‐Supported  Collaborative  Learning  (CSCL)  is  a  mature  research  field  in  the 
educational domain dedicated  to  improve  teaching and  learning  through  the  introduction of 
modern  ICT  [29]. Learning collaboratively  is represented by a set of educational approaches, 
involving  joint  intellectual  effort  by  learners,  or  learners  and  teachers  together  [30]. 
Collaborative learning activities vary widely, though most of them are centered upon student’s 
exploration  or  application  of  the  course material,  not  simply  the  teacher’s  presentation  or 
explication of it. 
However, many researchers [30][31][32] argue that students must be meaningfully engaged in 
the CSCL resources  for effective collaborative  learning to occur. A  lack of engagement  in on‐
line collaborative learning content can be attributed to the lack of (i) real interactivity (in many 
cases the only interaction available is to click on the next button to obtain the next message in 
a discussion forum); (ii) challenging collaborative tools, instead of tools which fail to stimulate 
learners, making the collaborative experience unattractive and discouraging progression; and 
(iii) empowerment, as learner expects to be in control of their own collaborative learning. 
Other reasons that can affect the engagement  in popular collaborative  learning technologies, 
such as discussion forums, are: (i)  large number of contributions, which are hard to follow by 
students and  tutors;  (ii) dispersion of knowledge, which  is hard  to  separate  from  the  straw, 
and  is usually unordered; and  (iii) text‐based contributions, which are tedious to read[9]. On 
the other hand, discussion forums associated with an academic course exist are usually close 
and  forgotten,  even  deleted,  at  the  end  of  the  course,  thus    the  collaborative  knowledge 
generated in the discussion is lost or hard to reuse in further courses. 
Finally,  current  Learning  Management  Systems  (LMS)  do  not  support  a  straightforward 
integration of modern pedagogical models and methodologies nor the corresponding complex 
learning resources yielded [33]. Instead, great development efforts must be made to integrate 
these resources  into LMSs, most of times  in an ad hoc fashion, with very  inefficient results  in 
terms of productivity, quality and cost [34][35]. Further, LMS developers have no opportunities 
to  leverage  computational  experiences  of  on‐line  collaborative  learning  designed  to  meet 
modern and changing pedagogical requirements, hence the knowledge reuse capacity  in this 
field is rather low [36].  
The purpose of the research conducted  in this thesis  is to propose solutions to overcome the 
above  mentioned  limitations.  In  particular,  the  provision  of  a  software  infrastructure  to 
support  new  types  of  pedagogically  augmented  collaborative  learning  methodologies  and 
resources  by  means  of  an  innovative  application  framework  [52]  called  Virtualized 
Collaborative Sessions Framework  (VCSF). The VCSF  supports  the entire process of  creation, 
management and execution of Collaborative Complex Learning Resources (CC‐LR) [4] from any 
LMS and collaborative learning tool. As part of the process, the VCSF leverages Web semantic 
technologies [7] to enable e‐learning software developers to embed many types of successful 
collaborative  learning  experience  into  different  LMSs  in  a  software  reuse  and  systematic 
fashion.  The  ultimate  aim  is  to  provide  online  collaborative  learning  with  software  reuse 
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capability from the systematical application of our software framework approach as well as the 
resulting  pedagogical  benefits,  such  as  increasing  students’  engagement  and  learning 
performance. 
The rest of this section is structured as follows: section 1.2 presents the state of the art in the 
research field and section 1.3 summarizes the object of research and the main contributions of 
this work. The structure of the remaining chapters in this thesis is presented in section 1.4.  
1.2. State of the art 
In this section, a brief overview of each of the technologies and paradigms related to this work 
is  presented,  namely  (i)  Computer‐Supported  Collaborative  Learning,  (ii)  Collaborative 
Complex Learning Resources;  (iii) Learning Management Systems; (iv) software  infrastructure 
for collaborative  learning; (v) technology support for collaborative  learning, and (vi) Semantic 
technologies.  This  overview  will  serve  as  background  for  setting  the  main  goals  of  this 
research, which  are  defined  at  the  end  of  this  section,  becoming  the  very  rationale  of  the 
software infrastructure approach for collaborative learning presented in this work. 
1.2.1. Computer‐Supported Collaborative Learning 
Computer‐Supported  Collaborative  Learning  (CSCL)  is  one  of  the most  influencing  research 
paradigms dedicated  to  improve  teaching and  learning with  the help of modern  information 
and  communication  technology  [29][37][38][39].  Collaborative  or  group  learning  refers  to 
instructional methods where students are encouraged to work together on  learning tasks. As 
an example, Project‐based Collaborative  Learning proves  to be a  very  successful method  to 
that  end  [31].  Therefore,  CSCL  applications  aim  to  create  virtual  collaborative  learning 
environments where students, teachers, tutors, etc., are able to cooperate with each other in 
order to accomplish a common learning goal. 
To  achieve  this  goal,  CSCL  applications  provide  support  to  three  essential  aspects  of 
cooperation,  namely  coordination,  collaboration  and  communication,  with  communication 
being  the  base  for  reaching  coordination  and  collaboration  [40][36].  Collaboration  and 
communication might be synchronous or asynchronous. The former means cooperation at the 
same time with the shared resources not typically having a lifespan beyond the sharing while 
the  latter  means  cooperation  at  different  times  being  the  shared  resource  stored  in  a 
persistent support. 
1.2.2. Collaborative Complex Learning Resources 
Collaborative  Complex  Learning  Resources  (CC‐LR)  were  defined  in  [4]  as  modern 
pedagogically  augmented  learning  resources  based  on  the  Collaborative  Complex  Learning 
Object  (CC‐LO)  approach,  which  was  first  presented  and  discussed  in  [3].  This  innovative 
concept  of  CC‐LO  was  justified  by  setting  up  two  research  questions  about  what  makes  a 
Learning Object (LO) [41] collaborative and what makes a LO complex, which cannot be easily 
answered by current standard  learning objects. The key differentiators from the standard LO 
include multiple  levels of abstraction  from pedagogic context,  learners, and representational 
medium  (complexity),  as  well  as  intrinsic  support  for  interaction  across  the  object 
(collaboration) [33] [42]. To accommodate the above concepts with the model co‐proposed by 
the candidate [3], first, a CC‐LO was embedded  into a new software system called Virtualized 
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Collaborative  Session  (VCS)  [11]  with  the  aim  to  register  live  collaboration  sessions  and 
augment them by alternative flows, additional content, assessment, etc., during an authoring 
phase  (subsequent  to  the  registration  phase).  The  VCS  is  made  to  be  compatible  and 
interoperable with broad  collaborative  sessions,  such as  chats and discussion  forums  [7],  in 
order to create specific types of CC‐LO (e.g. Storyboard Learning Object (SLO)) [3]. Therefore, 
the VCS system converts source data from the live collaboration into standard data format and 
creates  specific  SLOs,  containing  information  about  scenes,  characters,  and  other  artifacts 
used  during  the  later  visualization  of  this  learning  object.  The  result  is  an  interactive  and 
animated storyboard where  learners can observe how knowledge  is constructed, refined and 
consolidated (see figure 1). 
 
Figure 1 ‐ Screenshot of the VCS system showing a SLO with a discussion evolving overtime, produced by the 
virtualization of a live text‐based collaborative session performed in a web forum. 
Then, the CC‐LO approach was extended towards the invention of CC‐LR as complex learning 
material  that  is  used,  adapted  and  reused  extensively  in  academic  courses  beyond  the 
original collaboration  [4]. To  this end,  the CC‐LOs are edited by  the VCS  system  to  include 
complex aspects of the learning process, such as alternative paths, cognitive assessment and 
emotional awareness. Finally, the CC‐LOs are packed and stored as CC‐LR for further reuse so 
that  future  learners  can  leverage  the  benefits  from  past  sessions  of  live  collaborative 
learning  enriched  with  high  quotes  of  interaction,  challenge  and  empowerment.  In 
particular, two important extensions of the CC‐LO approach were exploited when proposing 
the new CC‐LR: cognitive assessment [16] and emotional awareness [15] (see figure 2).  
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Figure 2 ‐ The process of producing, managing and storing a CC‐LR by the VCS system from a CC‐LO, incorporating 
different types of scenes and author information, such as cognitive and emotional information of the original 
participant and contributions. 
1.2.3. Learning Management Systems 
Learning Management  Systems  (LMS)  are  software packages  to  enable  the management of 
educational content and also integrate tools that support most of groupware needs, such as e‐
mail, discussion  forums, chat, virtual classrooms, and so on  [43]. Over the  last years, a great 
amount of  full‐fledged Web‐based  LMS  systems have  appeared  in  the marketplace  [44][45] 
offering designers and instructors, generic and powerful user‐friendly layouts for the easy and 
rapid creation and organization of courses and activities, which can then be customized to the 
tutors’ needs, learner's profile and interests, and to specific pedagogical goals.  
Representative  LMS  systems  are  Moodle  (http://moodle.org),  Blackboard 
(http://www.blackboard.com),  Sakai  http://www.sakaiproject.org),  and  others,  such  as  the 
Intelligent  Web  Teacher  (IWT)  [46],  and  the  UOC  Virtual  Campus1,  which  all  are  being 
extensively  adopted  by  educational  organizations  to  help  both  educators  create  effective 
online  learning  communities, and educational  institutions  to highly  customize  the  system  to 
suit their pedagogical needs, and technological requirements. 
Despite  the  great  support  of  LMS  systems  to  important  areas  such  as  communication, 
collaboration and assessment [36], very few of them are focused specifically on collaborative 
learning, given  that  they support collaboration as another  learning option. Another common 
drawback  is  the  lack of  interoperability  (e.g. Moodle  is entirely written  in PHP, and Sakai  in 
Java),  thus making  the  applications dependent  from  the programming  language, underlying 
infrastructure, and so on. 
Moreover,  current  popular  LMS  platforms,  such  as  Moodle  [47],  are  evolving  by  exposing 
certain aspects of  their  functionality externally and  separating content  from  tools. However, 
                                                            
1 The Open University of Catalonia (UOC) is located in Barcelona, Spain. Through its Virtual Campus, the 
UOC offers fully distance education over the Internet to 50,000 students. 
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they  still  focus  strongly  on  learning  administration  rather  than  on  the  learner  [48]  and  are 
unable to offer the expected degree of flexibility, interoperability, scalability and reusability as 
the key challenges for the next generation of the LMS platforms. 
1.2.4. Software infrastructure for engineering collaborative learning applications 
Generic platforms, frameworks and components are normally developed for the construction 
of complex software systems through the reuse technique [36][49][50][40][52]. This approach 
has  been  successfully  applied  to  different  domains  thus  providing  applications  of  increased 
quality, and reduced cost and development time [53][54].  
In particular,  application  frameworks promote  a  standard  structure  for developing  software 
applications and tools. Programmers find it much simpler to develop automatic creation tools 
when  using  a  standard  framework,  since  this  defines  the  underlying  code  structure  of  the 
application  in  advance.  Developers  usually  use  object‐oriented  programming  techniques  to 
implement  frameworks  such  that  the unique parts of an application can  simply  inherit  from 
pre‐existing classes  in  the  framework  [50]. Application  frameworks became popular with  the 
rise  of  graphical  user  interfaces  (GUIs)  and Web  applications, which  alleviate  the  overhead 
associated  with  common  activities  by  providing  libraries  for  database  access,  template 
frameworks and session management, and therefore promoting code reuse [41]. The outcome 
of this thesis work follows this application framework approach.  
However, a revision of the latest research to provide framework support for the development 
of applications within the field of CSCL domain shows that the results are still scarce (see [55] 
and [56] for an extensive overview of related work). Main focus is still on leveraging the great 
research  efforts  and  technological  advances  within  the  general  Computer‐Supported 
Cooperative Work (CSCW) domain [57][58][59][60][61]. These approaches provide exhaustive 
support  for  cooperative  work,  such  as  group  and  workflow  management,  group  editing, 
document sharing and many types of both synchronous and asynchronous communication [58]. 
However,  many  of  them  are  not  even  prepared  to  support  essential  collaborative  learning 
features,  such  as  collaborative  knowledge  building  and  scaffolding  as  well  as  specific 
monitoring and assessment of the learning process [31]. Representative researchers [32] argue 
whether  intrinsic  CSCL  requirements  should  be  considered  from  the  very  beginning  of  the 
development and not as an extension to experimented CSCL tools for work [62].  
Among  the  efforts  that  are  currently  being  made  by  different  consortia  and  initiatives 
around  the  world,  there  exist  a  variety  of  frameworks  in  the  form  of  standard 
specifications  and  guidelines  for  e‐learning  platforms  [48][55]:  the  IMS  Abstract 
Framework  (www.imsglobal.org/specifications.html)  loosely  identifies and  represents  the 
core  components and  interfaces of an e‐learning  system. The E‐Learning Framework  (ELF: 
www.elframework.org)  illustrates  e‐learning  systems  common  functionalities.  Similarly,  the 
Open Knowledge  Initiative  (OKI: www.okiproject.org) defines service  layers  for developing e‐
learning platforms. The common approach among these emergent standards is to modularize 
functionality, usually defining  the  following groupings  [56]: application  services  (educational 
domain  dependent  that  provide  the  functionality  required  by  agents,  such  as  content 
management and assessment); common services (provide lower‐level functionality upon which 
educational‐domain services and users depend, such as authentication, archiving and service 
An Application Framework for the Systematic Construction of  
Multimedia‐based Collaborative Complex Learning Resources 
 
16 
  
directory);  core  infrastructure  services  (cross‐domain  set of  services,  such as  lookup, policy, 
replica management and scheduler). 
1.2.5. Technological approach for enhancing collaborative learning applications 
Technologists  have  made  many  attempts  to  provide  better  tools  for  content  creation  and 
management, and for the execution of learning resources to educators, but the transition from 
the role of content creator to moderator generates inherent resistance in the educator [48]. In 
particular, CSCL tools commonly focus on the provision of design aids to educators, which seek 
to ensure best‐practice  in pedagogy by  the software and  its user  interface  [63]. This has  the 
potential to address the common concern  in technology‐supported  learning of technologists, 
rather than educators, taking a  lead role [64] by  lowering the technological skills required to 
create and implement scenarios.  
The  research drive here  is  to  create CSCL  tools  that are abstracted  from  low‐level  technical 
implementation.  However  the  concept  of  a  CSCL  tool  embeddable  within  different  LMS, 
demands to realize  it  in practice. Such demand arises from the evolving nature of technology 
and its increasing ability to facilitate various learning styles and content items. Therefore, the 
transfer  of  pedagogic  content  between  technologies  requires  some  ability  to  adapt  this 
content autonomously to meet the capability of the system. 
1.2.6. Semantic knowledge engineering technologies for learning 
There  has  been  a  great  effort  in  the  Semantic  Web  community  in  order  to  provide 
specifications,  standards and ontologies  to  facilitate  semantic processes  in  learning  [65][66]. 
The  difficulties  of  the  current  standards  and  specifications  for  defining  learning  objects 
unambiguous  specifications pose  a  serious problem  in  its  adoption  to  semantic  approaches 
[67].  Several  ontologies  have  been  created  to  define  learning  objects  unambiguously.  The 
more representative of them are [68][69][70][71][72]. 
Semantic approaches related to the definition and implementation of learning processes in the 
field of CSCL  include  [73], which defines an ontological  framework  to describe  the  common 
semantics  needed  for  the  implementation  of  collaborative  learning  environments.  [51]  also 
proposes  the use of educational patterns  in a Domain Specific Language  fashion  in order  to 
specify and reuse processes that occur repeatedly in learning environments, providing a good 
alternative to model and reuse learning processes. Similarly, [74][75] use ontologies in a model 
driven  approach  in  order  to  use  a  standard  vocabulary  to  specify  learning  artifacts  and 
mechanisms  to automatically  implement  such artifacts  in different  LMS.  In a higher  level of 
abstraction,  the  authors  in  [14]  propose  a  framework  that  supports  bottom‐up  learning 
processes, such as support registration, management, and sharing methods. They also create 
high‐level  elements,  such  as  courseware  and  e‐learning  tools,  with  remarkable  benefits  of 
ubiquity and interoperability, in line with tutors needs and requirements. Indeed, with a well‐
defined  ontology  structure,  collaborative  learning  can  accumulate  the  knowledge 
representation of learning objects and their use, including participant background, instruction 
designs, learning activities and outcomes, etc. [73].  
To sum up, current attempts fail in providing appropriate response to the two main objectives 
of  our  research:  (i)  provision  of  software  infrastructure  to  support  advanced  types  of 
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pedagogically augmented collaborative  learning resources, and  (ii) enable LMS developers to 
systematically reuse successful collaborative  learning sessions and the generated knowledge. 
To  this  end,  this  thesis  work  presents  a  methodological  approach  to  validate  our  VCSF 
approach  aimed  to  yield  more  effective  and  quality  pedagogically  augmented  CSCL 
applications while saving development time and effort. 
1.3. Object of research 
Considering all  the above, current attempts  fail  in providing appropriate response  to  the main 
objectives of this thesis:  
 Provision of a software infrastructure to create and support advanced types of pedagogically 
augmented  CC‐LRs  coming  from  CC‐LOs,  thus  increasing  interaction,  challenge  and 
empowerment. 
 Provide  flexible  mechanisms  to  facilitate  the  addition  of  further  functionalities  into  the 
framework and CC‐LOs in the future. 
 Enable LMSs to systematically reuse successful collaborative  learning sessions by means of 
CC‐LOs. 
 Leverage  multimedia  technologies  to  enhance  and  improve  the  collaborative  learning 
experience.  
 Provide authoring  tools  to  simplify  the  task of creating and modifying CC‐LOs and CC‐LRs, 
especially for teachers without technological skills. 
 Promote the use of eLearning standards in order to enhance interoperability and portability 
of learning systems and applications. 
To  this  end, next  section presents  the main  contributions of  this  thesis, which  report on  the 
development and validation steps of the VCSF framework aimed at yielding more effective and 
quality pedagogically‐augmented CSCL applications while saving development time and effort. 
1.4. Structure of the thesis 
The  rest of  this  thesis  report  is  structured  as  follows.  Section 2 presents  a  summary of  the 
three main contributions of this thesis work, while Section 3 shows the main conclusions and 
results obtained as well as highlights future directions of research. Finally, Appendix A includes 
the letter of acceptance of one of the main publications, and Appendix B includes the program 
committees were the candidate has participated or will participate in the near future. 
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2. Contributions of the thesis  
The main contributions of this thesis are  included below. The versions given  in this thesis are 
post prints as the authors do not have permission to distribute the published papers.  
2.1. CC‐LO: Embedding Interactivity, Challenge and Empowerment into 
Collaborative Learning Sessions 
Caballé,  S.,  Gañan,  D.,  Dunwell,  I.,  Pierri,  A.,  Daradoumis,  T.  (2012).  CC‐LO:  Embedding 
Interactivity,  Challenge  and  Empowerment  into  Collaborative  Learning  Sessions.  Journal  of 
Universal  Computer  Science  (J.UCS),  Vol.  18,  No.  4,  pp.  25‐43.  Verlag  der  Technischen 
Universität Graz. DOI: 10.3217/jucs‐017‐01‐0025. ISSN: 0948‐695X. IF: 0.762, Q3: 54/100 (JCR‐
2012 SE). 
Despite  their demonstrated potential  through a  range of early  studies, on‐line  collaborative 
learning  systems  do  not  yet  have  the  impact  that  many  believe  is  possible.  In  particular, 
collaborative  learning  approaches  cannot be  readily  applied  to  every  e‐learning  experience, 
since they require a degree of presence and/or collaboration which may be difficult to achieve. 
In  addition,  collaborative  learning  systems  often  lack  the  challenging  resources  and  tools 
required to fully support collaborations, making the experience unattractive to end‐users and 
discouraging  progression.  Whilst  the  learner  might  expect  to  control  the  collaborative 
experience, often  it  is  the collaborative experience  that controls and  limits  the  learner. As a 
result,  collaborative  learning  resources  can  lack  authentic  interactivity,  user  empowerment 
and  balanced  levels  of  challenge,  thus  having  a  negative  effect  in  learner  motivation  and 
engagement.  In order  to overcome  the above deficiencies,  this contribution proposes a new 
paradigm named Collaborative Complex Learning Objects  (CC‐LO): a special  type of Learning 
Object  which  aims  to  leverage  the  knowledge  elicited  during  live  sessions  of  collaborative 
learning, augmented with author generated information, to produce interactive and attractive 
resources  to  be  experienced  and  played  by  learners. During  CC‐LO  execution,  learners  can 
observe  how  avatars  discuss  and  collaborate,  how  discussion  threads  grow,  and  how 
knowledge  is constructed,  refined and consolidated. Furthermore,  learners can  interact with 
the  CC‐LO  in  order  to modify  some  parameters  observing  the  consequences  and  assessing 
their understanding. 
Overall,  this  contribution  presents  the  CC‐LO  approach  as  a  new  paradigm  to  provide 
collaborative  tools,  which  are  challenging  and  attractive  resources  that  enable  learners  to 
interact with  the  content,  thus  increasing  their motivation  and  engagement  in  the  learning 
process. 
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1 Introduction  
On-line collaborative learning is a mature research field in the educational domain 
dedicated to improving teaching and learning through the introduction of modern ICT 
[Dillenbourg, 1999]. Collaborative learning is represented by a set of educational 
approaches, involving joint intellectual effort by learners, or learners and teachers 
together [Goodsell, 1992]. Collaborative learning activities vary widely, though most 
of them are centred upon students’ exploration or application of the course material, 
not simply the teacher’s presentation or explication of it. However, many researchers 
[Dillenbourg, 1999; Goodsell, 1992; Stahl, 2006] argue that students must be 
meaningfully engaged in the learning resources for effective learning to occur. Such a 
lack of engagement is especially evident in collaborative learning content, and can be 
attributed to the lack of (i) real interactivity (in many cases the only interaction 
available is to click on the “next” button to obtain the next message in a discussion 
forum); (ii) challenging collaborative tools, which fail to stimulate learners, making 
the collaborative experience unattractive and discouraging progression; and (iii) 
empowerment, as learner expects to be in control of their own collaborative learning.  
To overcome these and other related deficiencies, Learning Objects (LOs) have 
received much attention in recent years as technology that enables educational 
elements to be repackaged and reused far more readily than was previously the case 
[Littlejohn, 2003; Friesen, 2004; Polsani, 1997; Wiley, 2001]. In particular, the 
emergence of the Internet as a medium for educators, with its capacity to reach large 
audiences and bring together content from a wide range of sources, has been of 
significant interest. The initial definition of an LO is given [see Gerard, 1967] as self-
contained and reusable elements of learning. More recently, the IEEE Learning 
Technology Standards Committee provided the following working definition: 
Learning Objects are defined as any entity, digital or non-digital, which can be used, 
reused or referenced during technology supported learning. Common themes from 
literature include: 
 
• A need for a minimalistic approach to individual LOs. The greater a larger learn-
ing process (e.g. a training course) can be decomposed into individual LOs, and 
the more succinct these LOs and their constituent elements are, the greater their 
potential for repurposing. 
• A focus on repurposability. The ultimate purpose of deconstructing a larger 
learning process into individual LOs is to facilitate straightforward repurposing 
of the individual elements to form part of other learning processes and pedagogic 
approaches [Polsani, 1997].  
• Technical compatibility and format consideration. An increasing issue, as 
technology advances, is the transition towards new media for education, such as 
virtual worlds and collaborative online environments. As well as the pedagogic 
considerations that must be attached to this transition, technical consideration 
must also be afforded to how elements may transition from one collaborative 
online environment to another. This composability has long been a goal of virtual 
environment designers [Zyda, 2005], and the adoption of common formats for the 
representation of virtual content is increasingly enabling it to be moved 
seamlessly between game engines and virtual world platforms. 
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• Freedom in the definition of content. Content itself can be any form of media, as 
long as it is attached to an educational context [Kaldoudi, 2009], a definition 
which includes resources that have not been initially developed for educational 
purposes. Ultimately, content must be defined by the creator of an LO, not the 
end user: this is the nature of repurposement. Technological and pedagogic 
compatibility are not necessarily harmonious [Zyda, 2005] and the need is upon 
the designer of both the content and overarching system to ensure compromise is 
reached. 
 
As the concept of the LO becomes well-defined and broadly accepted, an 
extension of this definition is needed to address the requirements of learners in 
collaborative scenarios, pedagogically designed with reference to the concepts of 
social and collaborative learning [Vygotsky, 1978; Bandura, 1979; Collazos, 2007]. 
The key differentiators from the standard LO include multiple levels of abstraction 
from pedagogic context, learners, and representational medium (complexity), as well 
as intrinsic support for interaction across the object (collaboration). Hence, extending 
the LO paradigm we reach the notion of “Collaborative Complex Learning Object 
(CC-LO)” [Caballé, 2011] by asking two fundamental questions: what makes a 
learning object complex, and what enables a learning object to be collaborative?  
In order to define a CC-LO we consider first what makes a collaborative learning 
object. There are two principle ways in which collaboration occurs, collaboration in 
the formation of the object, and collaboration in its active use [Fuentes, 2008]: 
 
• Collaboration in creation: Several platforms exist for the collaborative creation of 
LOs by educators. This can adopt a principle of segregated responsibility, 
whereby individuals are responsible for various elements of an object (e.g., 
independent designers for educational materials and assessment methods), or 
shared responsibility, whereby educators play a role in peer-reviewing and 
adapting content. [Boskic, 2003] describes the critical nature of this role, though 
discusses how it may extend to the perception of LO use and reuse in general, 
rather than best-practice for creation. [Vargo, 2003] address how such evaluation 
may be automated, concluding this remains most effective when implemented in 
a synergistic fashion with the educators. 
• Collaboration in use: A collaborative learning object in this sense is capable of 
responding to and facilitating interaction by multiple simultaneous learners. It is 
hence a communication medium, through which learning objectives are achieved 
by the collaboration and social learning environment it forms [Collazos, 2007]. 
However, this simple notion brings with it a host of questions: the object must 
embed pedagogy and assessment to conform to the expectations of a standard LO 
[Wiley, 2001]. It must simultaneously accommodate multiple interactions and 
shared space, whilst also supporting the need for other groups of learners to 
approach it in different times and reuse it. [Farrell, 2004] describe the concept of 
dynamic creation of learning objects, in this case we see the emergence of a 
methodology whereby the learning object becomes analogous the object-
orientation metaphor: it has a class (an overarching definition), and instances 
(multiple creations of that object with its different states in flux).  
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Of these two components, despite in inherent interdependence (a collaborative 
learning object allowed to evolve is effectively being recreated over time), the latter is 
of greatest interest and relevance to the social pedagogies [Bandura, 1979]. A true 
collaborative learning object in this sense is one which supports this collaboration 
between learners and the subsequent emergence of societal groups to create the shifts 
in social norms required for behavioural and attitudinal change. 
The second consideration in defining a CC-LO is what makes a ‘complex’ 
learning object. The chief sources of may be defined with respect to pedagogy as well 
as the technical complex implications these pedagogic affordances imply, as follows:  
 
• Applicability: A trait common to pedagogic as well as technical consideration is 
how widely an LO can be repurposed across technical domains. A CC-LO, under 
this definition, has the capacity to be deployed into an online collaborative 
environment as an encapsulation of learning activity, assessment, and integration. 
The learning activity could be through direct interaction with the learning object 
in a virtual incarnation (e.g., an object could be given physical form as a Virtual 
Scientific Experiment (VSE)). Further applicability to content rating systems is 
also a worthy consideration [Kumar, 2005].  
• Evaluability: Following on from the need for content rating and assessment in 
order to provide adequate selection tool for educators, CC-LOs must support 
evaluability in pedagogic and technical terms [Ertl, 2010]. A key principle in the 
definition of any learning object is the implicit co-relationship between education 
and assessment, and a learning object must provide the interface to not only 
assess its users [Leal, 2011], but also to provide comparative evaluation for the 
purposes of repurposement selection. For a holistic view, this needs to come from 
the learner as well as the educator. 
• Internal dynamicism: [Valderrama, 2005] describe the concept of creating 
learning objects which are themselves able to adapt to context. These ‘intelligent’ 
LOs are able to adapt to their content autonomously, removing the need for the 
end-user to undertake substantial repurposing work. We describe in [Section 2] 
the concept of a virtual collaborative session: in these sessions CC-LOs are 
instanced and evolved over time, but retain the capacity to reset to an initial state 
to allow their reuse with other groups of learners. Any form of adaptivity implies 
a core template and source exists, and our definition of a CC-LO here suggests a 
need for the ability to define CC-LOs in time-independent states (the core 
repurposable LO), and time-dependant states (following learner interaction and 
evolution). We refer to this as internal dynamicism, as the state of a CC-LO must 
adapt to collaborations, yet be supported by a core instance of the CC-LO from 
which these dynamic versions evolve. 
• Composability. Virtual environments have long spoke of the need for content to 
be more easily composable [Macedonia, 1997]. Frequently, objects are created 
which are explicitly linked to a single learning environment through their 
singularity in technical implementation, and failure to dissociate learning 
objectives from implementation issues. A CC-LO in this sense must be defined in 
broader and platform-nonspecific terms. 
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In practice, these paradigms lead to common attributes specific to CC-LOs: 
 
• Augmentation with author-generated information. This can take multiple forms: 
o Questions & answers: discursively-generated information can help evaluators 
assess indirectly the strengths and weaknesses of a CC-LO. 
o Alternative flows: internal dynamicism supports non-linear paths through 
CC-LOs. 
o Assessments: since flow is not linear, assessment must track the path of the 
learner through the CC-LO and provide relevant assessment. 
o Dependencies: applicability and composability are required to take the form 
of either interdependencies with other CC-LOs, dependencies on other 
simple LOs, or dependences upon the learning environment. 
• They are animated and evolve over time. The forms of animation can be simple, 
such as movies or comic strips, allowing learners to observe how avatars discuss 
and collaborate and how knowledge is constructed, refined and consolidated. 
Alternatively, this animation can be a more sophisticated virtual simulation. In all 
cases, the animation should be composable. 
• They are interactive. Learners can interact to modify some parameters, observing 
the consequences and assess their understanding. This implies they are 
instantiable – learners have their own instance of a CC-LO which can either be 
disposed of, or integrated into the initial CC-LO after a learning activity. 
 
In order to accommodate these concepts, under the model proposed by this article 
a CC-LO is embedded into a Virtualized Collaborative Session (VCS) [Caballé, 
2011]. A VCS is a registered collaboration session augmented by alternative flows, 
additional content, assessment, etc., during an authoring phase (subsequent to the 
registration phase). The VCS can be interactive and animated (by movies or comic 
strips) and learners can observe how knowledge is constructed, refined and 
consolidated. In this context, CC-LOs also include assessment, collaboration and 
communication features to enrich the learning experience provided by the VCS. The 
VCS containing the CC-LOs is eventually packed and stored as learning objects for 
further reuse so that individual learners can leverage the benefits from live sessions of 
collaborative learning enriched with high quotes of interaction, challenge and 
empowerment. 
Focusing specifically on the objectives of the European Framework 7 project 
ALICE1, in this article we uncover the notion and nature of this new CC-LO 
paradigm. To this end, [Section 2] provides a description of the scope and aims set for 
this research, alongside a concise discussion of the methodological background for 
the creation, management and execution of CC-LOs. [Section 3] presents a 
methodological approach with the aim of validating this definition of the notion and 
nature of a CC-LO through the development of a prototype VCS system which 
enables the embedding of CC-LOs.  The prototype components are then technically 
tested by a proof of concept in [Section 4] along with a discussion on the results 
achieved. [Section 5] concludes the paper by highlighting the key concepts covered in 
this contribution and outlining ongoing and future work.  
                                                          
1 ALICE project web site: http://www.aliceproject.eu 
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2 Aims and Background 
A key aim of this research was to review the main processes and concepts of the new 
paradigm of CC-LO, and advocate guidelines for the use of CC-LOs both within the 
ALICE project and by educators on a wider scale. In this section, we first describe the 
goals of the ALICE project related to this research work and then we present existing 
work that help understand and use the concepts related to the CC-LO. 
2.1 The ALICE Project 
The general objective of ALICE (Adaptive Learning via Intuitive/Interactive, 
Collaborative and Emotional Systems) is to build an innovative adaptive environment 
for e-learning combining personalization, collaboration and simulation aspects with 
an affective/emotional based approach, able to contribute towards overcoming the 
existing limitations of current e-learning systems and content. The proposed 
environment is to be interactive, challenging and context aware, whilst realising 
learners’ demands of empowerment, social identity, and authentic learning 
experiences. 
The ALICE starting point is an existing e-Learning platform, Intelligent Web 
Teacher (IWT) [Capuano, 2009] already developed to exploit experiences and know-
how gained through several EC projects. IWT seeks to customize the learning 
experience through understanding of real learner needs and preferences, whilst 
ensuring extensibility and flexibility at content, pedagogic and service levels. With 
respect to the basic aspects of collaboration, the project pursues a broad set of 
objectives related to collaborative learning. ALICE studies in depth themes 
surrounding collaborative learning in situations where learners have to develop 
specific skills (e.g. communication, problem solving, decision making, etc.) and 
collaborative activities can increase learning efficacy. However, collaborative 
learning approaches cannot be applied in every e-learning experience as they require a 
degree of presence. Consequently, a paradigm is required to reuse, in formal, informal 
or intentional learning contexts, the knowledge elicited during collaborative learning 
activities. Furthermore, this approach must sustain the advantages achieved through 
such an approach after the closure of the live sessions, preserving aspects such as 
social interactions, conversational processes and the evolution of discussion threads. 
In order to achieve the aforementioned goal, the paradigm of CC-LO is proposed 
and defined as special types of learning objects embedded into VCSs,  obtained by 
registering live collaborative sessions executed in Web-based environments, and 
augmenting (during an authoring phase) the tracked data with author-generated 
information (questions & answers, alternative flows, assessments, dependencies, etc.) 
to define attractive interactive resources experienced by learners through several 
different experiences. During the CC-LO execution, a VCS is animated in such a way 
(using movie or comic strips metaphors) that learners can observe how avatars discuss 
and collaborate about one or more topics, how discussion threads grow, and how 
knowledge is constructed, refined and consolidated. Furthermore, learners can interact 
with the CC-LO in order to modify some parameters observing the consequences and 
assess their understanding. 
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2.2 Related Work 
A range of methods for creating, managing, and executing learning objects exist and 
may be applied to the case of CC-LOs. Dynamic assembly of learning objects has 
gained increased focus as technological capacity to manage and deploy in real-time 
becomes increasingly viable [Farrell, 2004]. Therefore creation is not restricted to 
offline development and instructor-led pedagogic design. However, ensuring quality 
and a usable end-product remains a concern for automated construction techniques. 
Particularly, if dynamicism extends to the learning session itself, inconsistencies 
in learner experience may potentially arise. Furthermore, management of LOs 
becomes an increasingly demanding task in the face of dynamicism, as LOs may 
evolve over time, invalidating attempts to index and categorize them effectively. This 
is particularly true of a collaborative LO, and hence the virtual collaborative session is 
defined in our research [see Section 3] as a means to control this evolution and afford 
dynamicism. In general terms, learning object-based systems have met with most 
success in subject areas such as information technology, in part because there is little 
established content for these topics, as well as constant evolution in the state-of-the-
art, and in part due to the fact educators within these disciplines are more ready to 
engage with technology [Abernethy, 2005]. Reaching core areas such as literacy and 
numeracy is a more demanding task both due to the nature of the subject matter, and 
the experience of educators working within the area.  
Commonly, methods for creating learning objects have centered on mining 
existing information to construct learning objects autonomously [Rajendra, 2004]. 
The inherent appeal of this process is its ability to capitalize on the large volumes of 
semantic data present on the web and create educational material whilst requiring a 
minimum of involvement from educators.  Some semantically-annotated sources 
[Auer, 2007], are particularly appealing sources of educational material. Validation of 
data from such a source remains a key concern, although these repositories are 
drawing increased attention as the veracity of peer-created data sources on the web is 
increasingly shown [Margaryan, 2007; Wang, 2010]. Participatory techniques have 
also been used for LO creation. These build upon the use of the creation process itself 
as a means for learning, instilling learners with increased engagement as a result of 
deeper engagement within the educational process [Abad, 2008]. However, the 
composability of these learning objects may prove a concern, as students are not best-
placed to act as pedagogic designers thus requiring the resulting learning objects 
careful validation and development to ensure quality.  
Early Learning Content Management Systems (LCMS) were closely integrated 
into existing e-Learning configurations as extensions or additions to content 
acquisition and control systems [Meinel, 2002]. More recently, the management of 
learning objects has benefited significantly from the application of semantic 
technology [Su, 2008]. Similarly, methods to extrapolate semantic relationships by 
direct and automated analysis of learning objects also exist, having been explored 
[Taibi, 2007]. This can be achieved through the use of content representation models, 
such as the Sharable Content Object Reference Model (SCORM), to enable the 
provision of a wide range of comparators. Peer-to-peer (P2P) approaches to learning 
object management have also been shown to have benefits in load distribution 
[Prakash, 2009], though bring with them the concerns common to peer-to-peer 
configurations around security and validity. Once adequately addressed through 
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infrastructural design, a P2P management approach has strong long-term potential, 
and is of particular relevance to collaborative learning objects and CC-LOs since 
ownership must be carefully considered and assigned when deploying and devising 
learning objects for peer input and use. 
An early review of repositories based on Learning Object Metadata (LOM) 
demonstrated significant advances in global standards for representation [Neven, 
2002], and these have continued throughout the past decade. Yet the principal issue in 
the uptake of tools for LO creation and use remains in facilitating end-user 
involvement. Technologists have made many attempts to provide tools for content 
creation, management, and execution to educators [Mosley, 2005], however uptake 
remains limited. Fundamentally, though LO systems have the potential to make the 
teaching process less time-intensive in the development of course content, they 
transition the educator from the role of content creator to moderator, and hence 
generate some inherent resistance. Overcoming this requires that methods to better 
involve educators and allow their collaborative input are provided. Although LOM-
based repositories offer strong potential to support independent learners working 
solely through e-Learning systems [Dinis, 2009; Leal, 2011], their use as a basis for 
tutor-led or collaborative activities requires much research [McGreal, 2006]. It is a 
consequence of this need that the notion of the CC-LO is explored within this paper. 
The execution of learning objects has previously been achieved through methods 
such as the SCORM Run-Time Environment (RTE) [Costagliola, 2006]. The RTE 
defines a model by which LOs can be launched within a Learning Management 
System (LMS) and interchange data, allowing for user customization and adaptivity. 
The platform-independent nature of the system at the core allows for interfaces to be 
designed using server-side web scripting languages allowing for a high degree of 
dynamicism in the end-user interface and toolset. Evolution of learning objects over 
time is also supported across a range of formats, such as video learning objects 
[Fadde, 2009]. Overall, creating learning objects in an executable form represents a 
step-change in the context and autonomy in which they can be deployed, and reflects 
the transition of LOs from pedagogic material to semantic data constructs. 
From the above approaches, methodologies for creating, managing, and executing 
CC-LOs can be largely grouped under three headings: 
 
• Educator-centric: the educator assumes the role of author, moderator, and 
deployer of the CC-LO.  
• Technology-centric: creation, management, and execution are handled by 
technology. Technology-centric case focuses on situations where an element of 
artificial intelligence or intelligent filtering is applied in lieu of a human expert.  
• Learner-centric: these methods advocate techniques such as participatory design 
to allow learners to be involved in the creation and management of CC-LOs. 
3 Research Methodology 
This section presents a methodological approach to validate our definition of the 
notion and nature of CC-LOs by addressing the requirements of learners in 
collaborative scenarios, pedagogically designed with reference to the concept of 
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collaborative learning. To this end, we first identify the notion of the “Virtualized 
Collaborative Session (VCS)” as an event in which CC-LOs are played and consumed 
by learners. Then, a newly created VCS system enabling the virtualization of 
collaborative sessions is presented to support the creation, management and execution 
of CC-LO. The realization of this system is reported from the requirements that 
conducted the development of a VCS prototype where CC-LOs are embedded. 
Finally, for validation purposes, a proof of concept of this approach is given that 
examines the embedding of a CC-LO into the VCS prototype, as well as the results of 
technical testing based on a set of indicators incorporated to measure and analyze user 
response. 
3.1 Definition and Purpose of Virtualized Collaborative Sessions 
Perhaps the best definition of a VCS can be achieved through analogy to a computer 
program. In this analogy, the learning objects exist as objects within the code, and the 
VCS is the overall execution of the program. As it runs, learning objects are created, 
evolve over time, and are subsequently disposed of. At termination, the evolved states 
of the learning objects are disposed of, and the VCS becomes ready to ‘run’ with new 
instances of CC-LOs from their initial templates, repeating the learning cycle to a new 
group of learners. This idea of the VCS is illustrated in [Fig. 1]. 
 
 
Figure 1: Execution of CC-LO instances within VCS programs 
From this view, we capitalize on the instantiability of CC-LOs to facilitate 
multiple collaborative sessions in which CC-LOs evolve but remain reusable and 
reinstantiable for a second learner group. There are some notable considerations and 
benefits from this time-evolution, such as that the CC-LO can encapsulate the 
learning requirements on both pedagogic and technical levels, whilst retaining 
repurposability and reusability. Furthermore, as the VCS itself is not constrained to a 
single technical platform, compatibility with different platforms, such as forums and 
chats, can be facilitated through a driver interface (i.e., converter) to the CC-LO 
which, through middleware, converts it into the technical format required for 
representation within a given online collaborative environment. 
33Caballe S., Ganan D., Dunwell I., Pierri A., Daradoumis T.: CC-LO ...
3.2 Realization of the VCS System 
Based on the above requirements, it becomes possible to propose some key guidelines 
for realizing a VCS system [Fig. 2]. The main feature of a VCS system is to be 
compatible with different kinds of chat messaging, forums or more general 
collaborative sessions to create CC-LOs. For this purpose, the input of VCS system is 
a file containing the collaborative session data in a common format called 
Collaborative Session Markup Language (CSML) based on XML. The CSML 
specifies an ontology named Collaborative Session Conceptual Schema (CS2) that 
allows for modeling and representing knowledge about Web-based collaborative 
sessions [Conesa, 2011]. 
 
 
Figure 2: Architecture of the VCS system. The system is compatible with multiple 
forums and chats by specific converters 
A first approach to a VCS system is depicted in [Fig. 2]. The process of 
conversion between the source of collaborative session data and CSML is done by a 
specific converter, which is different for each kind of source (i.e., the data model of a 
forum). Then, the VCS system processes data in CSML format and creates a complex 
learning object named Storyboard Learning Object (SLO), containing information 
about scenes, characters, and other artifacts used during the later visualization of this 
learning object. The SLO is editable by the use of a tool (SLO Editor), which allows 
for changing scene order, adding or removing content, adding assessment scenes, 
defining workflow, etc. Finally, the viewer tool (SLO Player) enables students and 
moderators to see the virtualized collaborative session in an interactive but read-only 
way. While the edition capabilities are still under development, the current status of 
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our VCS prototype fully supports the viewer tool [Caballé, 2011]. 
Overall, the VCS transforms a live discussion forum into an animated storyboard 
and produces an event in which SLOs are played and consumed by learners, sessions 
evolve (“animate”) over time, and the ultimate end-user interactions with SLOs are 
handled. As a result, the VCS becomes an attractive learning resource so that learners 
become more motivated and engaged in the collaborative activities [Fig. 3]. 
 
 
Figure 3: Sequence of snapshots of a CC-LO evolving over time after the 
virtualization of a live collaborative session. Four contributions of the text-based 
discussion are converted by the VCS prototype into an animated storyboard (SLO) 
supported by a text-to-voice engine 
The extracted knowledge need to be represented by using typical standards of 
Semantic Web, such as: RDF, RDFS, OWL and SKOS [see, Fahad, 2011]. Simple 
Knowledge Organization System (SKOS)2 is a family of formal languages designed 
for representation of thesauri, classification schemes and taxonomies. 
                                                          
2 http://www.w3.org/2004/02/skos/ 
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In the SKOS ontology each individual is a Concept [Fig. 4]. A Concept can have 
a label (skos:prefLabel) and one or more synonyms (skos:altLabel). Hierarchical 
relationships between concepts can be expressed through the properties skos:narrower 
(that links a concept to a more specific one) and skos:broader (that links a concept to 
a more generic one), while a simple correlation is expressed through skos:related .  
A sequence of mapping steps transforms the fuzzy lattice, into a semantic 
technologies compliant representation. [see, Granitzer, 2011]. 
 
 
Figure 4: Example of use of SKOS 
4 Experimentation and Validation 
For experimentation and validation purposes, a proof of concept of the VCS prototype 
with an embedded CC-LO/SLO was developed [Fig. 3]. Firstly, the data source of a 
live collaborative learning session was derived from the IWT forums [Section 2.1], 
which are typically used to support in-class collaborative learning activities based on 
discussion. Then, following the process of modeling and representing forum data 
mentioned in [Section 3.2], a specific converter was built to turn the data model of the 
IWT forums into CSML representation [see, Conesa, 2011 and Fig. 2].  From the 
CSML representation, the VCS prototype generated an animated SLO showing how 
people discussed and collaborated, how discussion threads grew and how knowledge 
was constructed, refined and consolidated.   
The design of the experiment consisted of three user assessments of the prototype 
with the aim to evaluate the proof of concept. The first at the Open University of 
Catalonia (Site A), the second at Coventry University Serious Games Institute (Site 
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B), and the third at the company Modelli Matematici e Applicazioni (Site C).  
On all sites, a group of three types of testers were formed to provide three 
different evaluation perspectives, namely pedagogical, technical and usability. Thus, 
from the pedagogical perspective, domain experts (i.e., researcher and teacher in e-
learning) were chosen; from the technical perspective, skilled technicians (i.e. 
developers with experience in e-learning systems) were selected; finally, novice users 
(i.e., students with experience in e-learning systems) performed testing on the VCS 
prototype to provide a usability perspective.  Hence, each pilot site prepared a group 
of three testers, each of each type. Finally, the testing was run in each pilot site and by 
each tester by using different data input and running several executions of the 
prototype. The aim was to validate the concept of CC-LO by the next four indicators 
of interest asked to the VCS testers at the end of each test: 
 
1. Build automatically an effective draft storyboard (CC-LO/SLO) from a threaded 
discussion coming from a forum. Score on scale 0-5 and open comments. 
2. The VCS prototype allows non-expert users to build a CC-LO/SLO (i.e., in a 
friendly way and efficiently). Score on scale 0-5. 
3. Create, edit, manage, store and playback the generated storyboard. Score on scale 
0-5 and open comments. 
4. The VCS prototype allows users to observe how knowledge is constructed. Score 
on scale 0-5 and open comments 
 
Indicators of interest   
 
Testers 
#1 #2 #3 #4 Total  
(M) 
Site 
A 
# Expert 
# Technician 
# Novice 
4 
5 
5 
4 
4 
4 
2 
4 
4 
2 
3 
2 
3.0 
4.0 
3.8 
Site 
B 
# Expert   
# Technician 
# Novice 
5 
5 
5 
3 
4 
5 
3 
4 
3 
2 
2 
1 
3.3 
3.8 
3.5 
Site 
C 
# Expert   
# Technician 
# Novice 
5 
5 
5 
5 
4 
3 
4 
3 
4 
3 
4 
4 
4.3 
4.0 
4.0 
 Total M(SD) 4.9(0.3) 4.0(0.7) 3.4(0.7) 2.6(1.0) 3.7(0.4) 
Table 1: Mean (M) and Standard Deviation (SD) statistics in the 0-5 scale 
4.1 Quantitative and Qualitative Results 
This section presents a brief discussion on the data collected from the aforementioned 
subjective assessment performed at both sites on the VCS prototype. 
[Tab. 1] shows, on the one hand, some basic statistics of the quantitative marks 
on the scale 0-5 scored by all testers for each of the four indicators of interest 
considered. Each tester performed 5 executions in a row before providing the scores. 
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On the other hand, [Tab. 2] shows an extract of qualitative results from those 
indicators with open comments provided by the testers after the test in questionnaires. 
 
Table 2: Excerpt of the questionnaires on the 3 commented indicators #1, #3 and #4 
4.2 Discussion  
At site A, from the quantitative results, we can see that whilst the total score is 
promising, it is limited as the VCS prototype currently offers the player tool only. In 
Indicators of interest with 
open comments 
Testers’ open comments (type of the tester:  
E: Expert;  T: Technician; N: Novice) 
Build automatically an 
effective draft storyboard 
from a threaded discussion 
coming from a forum. 
 
Create, edit, manage, store 
and playback the generated 
storyboard.  
 
 
 
 
 
 
 
 
 
 
 
VCS prototype allows 
users to observe how 
knowledge is constructed. 
“I could watch the storyboard very easily, it was 
exciting!” (N, Site A) 
“The automatically created SLO follows the same 
structure as the threaded discussion” (T, Site A)  
“To test fully [the system] would need to be compatible 
with all our existing forum content” (E, Site B)  
“Why can’t I see people’s real faces?” (N, Site B) 
“It looks very nice to build a story from a forum in this 
way.” (N, Site C) 
“The draft SLO should be larger to be tested 
appropriately” (E, Site A) 
“I could control the storyboard with the play, pause, stop, 
back and forward controls and playback the discussion 
many times.” (N, Site A) 
 “...felt like features for editing were lacking, but playback 
and storage worked fine” (E, Site B) 
“To test fully [the system] would need to be compatible 
with all our existing forum content” (E, Site B) 
 “For complicated stuff... [it] might be better if I could 
advance the discussion pressing a key rather than keep 
pausing” (N, Site B) 
“The storyboard player could be more clear” (N, Site C) 
“Yes, it was possible to observe some knowledge building 
but it still misses the editor tool to remove some scenes 
that cause noise” (E, Site A)  
“The player only gives a sequential view of the 
knowledge” (T, Site A) 
“It is interesting and easier to follow a discussion though I 
could not observe knowledge construction” (N, Site A)  
“...would be great on a mobile device” (T, Site B) 
 “Why would I store it instead of just making it again 
every time?” (N, Site B) 
“The management of the created SLO is not immediate to 
understand and the Playback should be improved” (T, Site 
C) 
“It was interesting to me to see how a discussion 
progressed but the built knowledge is not quantifiable.” 
(E, Site C) 
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particular, indicators #3 and #4 were scored low by the expert tester [see Tab. 1]. 
According to this tester’s comments [see Tab. 2], since the prototype could not still 
offer all its potential regarding the edition of the storyboard, this in turn limited the 
improvement of the storyboard-based discussion. Novice’s quantitative scores were 
also low for indicator #4. According to his comments, he reported a failure to observe 
a noticeable improvement of knowledge building from the text-based discussion. 
Finally, the technician tester scored the prototype well, and commented positively on 
the automatic transformation of the threaded discussion into a SLO, considering also 
the lack of edition capabilities of the SLO, which is currently a work-in-progress. 
At Site B, an open group discussion was held between expert, technician and 
novice, moderated by the researcher, following all other data collection activities. 
Tension between novice and technical expert was evident for several aspects of the 
system: the novice feeling the system “lacked clarity of description”, whilst the 
technician disagreed, suggesting the system was “completely clear”. One aspect here 
might be that the creation of the SLO is fully automated, and therefore a novice user 
is unaware of this underlying functionality, instead experiencing only the high-level 
playback of the VCS. Therefore, in the testing at Site B, the novice failed to engage 
with this aspect of the system instead focusing on visual aspects (e.g. “Why can’t I 
see people’s real faces?”), and failing to appreciate the benefits of creating the SLO 
(“Why would I store it…”). Results for indicator #4 reinforce this finding, with expert 
and technician feeling the process was too transparent, and the novice failing to 
observe the relationship between use of the tool and knowledge creation. This 
presents something of a paradox: on the one hand, much investment in SLO creation 
emphasizes the need to make the process as simple as possible for the novice user, 
however, in this case the degree of abstraction is so great supplemental materials or 
explanation may be required for novices to understand this component of the system. 
At site C, experimentation highlighted that further work remains to be done. In 
particular, the story management, and absence of an edit phase, suggested that 
although the system has a good potential it may be still improved. For example, 
participants suggested it could be useful if the avatars have different voices at least 
between male and female, allowing more access to users with vision impairments as 
well as enhancing immersion for general users. Site C reported that major efforts must 
be done in order to give more emphasis on indicator #4 to observe how the knowledge 
related to a specific topic is constructed. Expert users noted that the knowledge 
extracted by the storyboard is not quantifiable. Hence, at this stage the prototype 
seemed to be more interesting from the technological rather than methodological 
point of view. 
However, it should be noted, from the data collected from novice users at all sites, 
the potential of the VCS player tool is evident, providing a step forward through the 
provision of an attractive resource which motivated and engaged the tester in 
discussion. The technician and novice at Site B also suggested the system would have 
particular potential for mobile devices, as the visual representation of the discussion 
fits well to a small screen and would be particularly beneficial due to the difficulties 
of reading large volumes of web-forum text on such a device. 
In summary, the results of the tests reported here are not conclusive due to their 
exploratory nature. A recurring theme is the difficulty in balancing ease-of-use and 
transparency against the need to provide the user with an understanding of the 
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underlying process and its value. Future work, therefore, will address not only the 
increased incorporation of key features and functionality based on the findings of this 
study, but also explore how better to convey the underlying process and principles to 
novices, supporting them  in developing their understanding of the use and application 
of CC-LOs. This is fundamental to applying the main processes and concepts of the 
new paradigm of the CC-LO, as well as providing guidelines for their use by 
educators on a wide scale. 
Previous related studies [Caballé, 2011b] investigated in a conceptual framework 
for modeling interactions from live collaborative activities. The results showed an 
improvement of the collaborative learning process in terms fostering student 
participation and enhancing individual performance. The current approach differs 
from previous initiatives by considering virtualized instead of live collaboration as the 
grounds for the study. Virtualization provides further benefits towards the learner’s 
engagement, such as reusability of the knowledge elicited during the collaboration, 
more real interaction, and empowerment of the collaborative experience from 
attractive and challenging learning resources. This may provide a significant step 
forward in the development of current e-learning systems and applications. 
5 Conclusions and Ongoing Work 
This paper has detailed research work undertaken within the European Framework 7 
project ALICE, a project devoted to providing on-line collaborative learning with 
authentic interactivity, challenging tools and user empowerment, with the ultimate 
aim to influence learner motivation and engagement. To this end, a new type of LO 
called CC-LO has been introduced, embedded into a VCS system that registers live 
collaborative sessions and produces an animated storyboard (SLO) such that learners 
can observe how people discuss and collaborate, and how knowledge is constructed. 
The development of this VCS prototype has been reported from a methodological 
research view. The notion and nature of the CC-LO is finally validated by running 
extensive tests on a proof of concept of the VCS system that embeds a CC-LO. These 
validation activities were carried out following the same methodological procedures 
in several international sites with different perspectives and expectations towards the 
research presented in this paper.     Ongoing work includes the evaluation of the VCS 
prototype in the real context of learning of the Open University of Catalonia. 
Intensive experimentation and validation activities will be conducted in on-line 
courses in order to provide attractive and challenging CC-LOs to support the 
collaborative learning activities, in particular in-class discussions. Moreover, current 
work within the ALICE project is the development of an editor tool to augment the 
VCS system with author-generated information. For instance, e-assessment scenes 
will be added to the VCS, such as tests (with optional jumps to storyboard scenes) as 
well as supporting videos, to be connected with scene parts according to the dialogue 
timeline. As a result, tutors will be provided with edition capabilities of the SLOs, 
such as cutting scenes, modifying involved characters, selecting emotional states, 
dialogues and connected concepts. 
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In  the  previous  contribution  (see  Section  2.1),  a  new  type  of  learning  object  named 
Collaborative  Complex  Learning  Object  (CC‐LO)  is  presented  in  support  for  teaching  and 
learning  engineering  by  the  virtualization  of  live  collaborative  sessions,  with  the  aim  to 
leverage  the  knowledge  elicited  during  the  collaboration  and  produce  interactive  and 
attractive  resources  to be played by  learners. This  type of pedagogically and  technologically 
augmented  learning  resources  is able  to overcome endemic problems  found  in collaborative 
learning  of  on‐line  engineering  courses,  such  as  lack  of  authentic  interactivity,  user 
empowerment,  social  identity  and  challenge,  thus  having  a  positive  effect  in  learner 
engagement.  In  this  contribution,  the  experiences  gained  in  the  production,  deployment, 
experimentation and validation of the CC‐LO approach are reported from the live collaborative 
sessions  occurring  in  real  on‐line  engineering  courses  of  the  Open  University  of  Catalonia 
(UOC).  The  ultimate  goal  is  to  evaluate  and  validate  how  the  CC‐LO  approach  can  support 
engineering education at  the UOC, and  in particular observe  the  impact  in  the collaborative 
learning  performance  during  the  on‐line  discussions.  The  novelty  of  this  paper  is  the 
integration  of  the  CC‐LO  approach  into  the  actual  phpBB‐based  Web  forums  that  support 
specific engineering  courses  at  the UOC  and  in particular  their  in‐class discussion processes 
and collaborative activities. 
Overall, this contribution reports on the experiences gained  in the production, development, 
experimentation  and  validation  of  the  CC‐LO  approach  from  live  collaborative  sessions 
occurring in real on‐line engineering courses of the Open University of Catalonia (UOC). 
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Inprevious researchweproposedanew typeof learningobject namedCollaborativeComplexLearningObject (CC-LO) in
support for teaching and learning engineering education by the virtualization of live collaborative sessions, with the aim to
leverage the knowledge elicited during the collaboration and produce interactive and attractive resources to be played by
learners. We claim this type of pedagogically and technologically augmented learning resources is able to overcome
endemic problems found in collaborative learning of on-line engineering courses, such as lack of authentic interactivity,
user empowerment, social identity and challenge, thus having a positive eﬀect in learner engagement. In this paper we
report on the experiences gained in the production, deployment, experimentation and validation of the CC-LO approach
from the live collaborative sessions occurring in real on-line engineering courses of the Open University of Catalonia
(UOC). The ultimate goal is to evaluate and validate how our approach can support engineering education at the UOC,
and in particular observe the impact in the collaborative learning performance during the on-line discussions. The novelty
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1. Introduction
The Open University of Catalonia (UOC)1 is the
ﬁrst virtual university in Spain. The UOC oﬀers a
great variety of graduate andpost-graduate degrees,
including a wide selection of courses on engineering
education in the ﬁelds of Computer and Software
Engineering. Since its creation the UOC has con-
tinuously innovated both in methodological and
technological aspects related to e-Learning, and in
particular Computer-Supported Collaborative
Learning (CSCL) [1, 2]. CSCL activities at the
UOCvarywidely, thoughmost of themare centered
upon students’ exploration or application of the
coursematerial through in-class formal discussions,
being of the most interest for engineering students
[1]. Given the added value of asynchronous colla-
borative learning [3], the UOC have incorporated
on-line discussions as one of the pillars of its
pedagogical model, and in particular of the engi-
neering education programs. To this end, great
eﬀorts are being made to develop adequate on-line
tools to speciﬁcally support engineering curricula by
focusing on essential aspects of the on-line discus-
sion process, which include students’ monitoring
and evaluation as well as engagement in the colla-
borative learning process.
However, following many researchers’ claims [1–
3] we argue that our students must be meaningfully
engaged in the learning resources and tools for
eﬀective collaborative learning to occur. Such a
lack of engagement is especially evident at the
UOC and can be attributed to the lack of (i) real
interactivity (in many cases the only interaction
available is to click on the ‘‘next’’ button to obtain
the next message in a discussion forum); (ii) challen-
ging collaborative tools, instead of tools which fail
to stimulate learners, making the collaborative
experience unattractive and discouraging progres-
sion; and (iii) empowerment, as learner expects to be
in control of their own collaborative learning.
In addition, current technologies in the form of
Web forums that support virtual discussions ses-
sions of our engineering education courses show
important limitations, such as (i) the discussion is
based on a long list of messages, sometimes with
technical jargon, which is hard to follow by engi-
neering students and tedious to monitor by tutors
and moderators; (ii) after the collaborative activity
is over the discussion is not available anymore and
* Accepted 20 October 2013. 663
1 The Open University of Catalonia is located in Barcelona,
Spain. The UOC oﬀers distance education through the Internet
since 1994. Currently, about 60,000 students and 3,700 lecturers
are involved in 8,300 online classrooms from about 100 graduate,
post-graduate and doctorate programs in a wide range of aca-
demic disciplines. The UOC is found at http://www.uoc.edu
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the collaborative knowledge produced is lost; (iii)
in-class discussions are scheduled in certain points
of the course and no opportunities for formal
collaboration are found in between; (iv) usual text-
formatted posts are far from real-life discussions
and physical participation, thus chances for social
beneﬁts from actual collaboration are not available.
All these deﬁciencies lead to rudimentary and little
attractive collaborative learning practices as well as
lack of interest, thus having a negative eﬀect on
learners’ self-motivation and engagement in their
learning process.
In order to overcome these and other related
limitations and deﬁciencies, in previous research
we reported on a new collaborative learning meth-
odology called Collaborative Complex Learning
Object (CC-LO) through the development of a
system prototype called Virtualized Collaborative
Session (VCS) that enables the embedding and
execution of the new CC-LO [4]. The VCS platform
allows for the virtualization and registration of live
collaborative sessions, which can be augmented by
alternative learning paths, additional content, etc.,
during an authoring phase in order to produce
interactive and attractive resources to be experi-
enced and played by learners. During the CC-LO
execution, learners can observe how avatars discuss
and collaborate, how discussion threads grow, and
how knowledge is constructed, reﬁned and consoli-
dated. The registered CC-LOs are eventually
packed and stored for further reuse, enriching live
sessions of collaborative learning with balanced
levels of interaction, challenge and empowerment
[5, 18]. The VCS system and the whole approach
were speciﬁcally tested for supporting the collabora-
tive processes underlying engineering education
courses by using an external Web-based discussion
tool [5].
In this paper, we leverage theCC-LOapproach to
enhance and improve the collaborative learning
experienced at UOC by integrating the VCS plat-
form speciﬁcally into the internal forum tool exten-
sively used at UOC to support the in-class
discussions sessions occurring in the virtual class-
rooms of an engineering course. An exhaustive
evaluation and validation process is reported that
shows an increase of learners’ engagement during
the learning process and in particular observes the
impact in learning performance during the discus-
sions.
The paper is structured as follows: Section 2
presents related work with concepts and technolo-
gies used in later sections. In section 3, we present a
research methodology to empirically demonstrate
the educational value of the CC-LO approach at
UOCand the beneﬁts forUOC learners through the
integration of the VCS system into the UOC stan-
dard web forums. Section 4 evaluates and validates
the approach by an analytical data discussion and
interpretation of the eﬀects of virtualizing the dis-
cussion sessions in our real context of learning.
Section 5 concludes the paper by highlighting the
key results achieved and outlining ongoing and
future work.
2. Aims and background
In [4] and [5] a new issue and concept, called
‘‘collaborative complex learning object’’ (CC-LO),
was presented and discussed. The notion of this new
concept was set oﬀ from the known concept of
‘‘learning object’’ (LO) [6]) and an extension of it
was proposed. The reason and purpose of this new
notion was justiﬁed by setting up two research
questions about what makes a LO collaborative
and what makes a LO complex, that current stan-
dard learning objects are not able to respond. The
answer to these two questions set the basis to
provide the key diﬀerentiations between LO and
CC-LO as well as the need to deﬁne and include
multiple levels of abstraction from pedagogic con-
text, learners, and representational medium (com-
plexity), as well as intrinsic support for interaction
across the object (collaboration). To this end, exist-
ing methods for creating, managing, executing and
easily access [7] LO were found and examined with
respect to how they may be applied to the case of
CC-LOs.
After this preliminary research, examples of CC-
LOs were addressed to obtain the requirements of
learners in collaborative scenarios, pedagogically
designed with reference to the concepts of social
and collaborative learning emerging from the the-
ories of [8] and [9]. As a consequence, the concept of
the ‘‘virtualized collaborative session’’ (VCS) was
identiﬁed as an event in which CC-LOs can be
applied and consumed by learners, how these ses-
sions evolve (‘‘animate’’) over time, and how the
ultimate end-user interactions with CC-LOs can be
handled [4] Finally, the issue of how CC-LOs might
be created through either the extension of existing
tools or creation of proprietary tools was addressed
in the same research which seeks to allow for their
formation (either through bespoke creation or
repurposing of existing LOs/CC-LOs).
A ﬁrst approach to a VCS system is depicted in
Fig. 1 (see also [4] for further details). The VCS is
intended to be compatible with collaborative ses-
sions in general, such as chats and forums, in order
to create CC-LO as general as possible. For this
purpose, the input of VCS system is a ﬁle containing
the collaborative session data in a common format
called Collaborative Session Markup Language
(CSML) based on XML [10].
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The CSML speciﬁes an ontology named Colla-
borative Session Conceptual Schema (CS2) that
allows for modeling and representing knowledge
about Web-based collaborative sessions [10]. The
CSML is based on SIOC speciﬁcation (see Fig. 2) so
it contains some of the elements deﬁned on this and
other related speciﬁcations like FOAF (Friend of a
friend) or Dublin Core (see [10] for a extensive
review of them).
The process of conversion between the source of
collaborative session data and CSML is done by a
speciﬁc converter (see Fig. 1), which is diﬀerent for
each kind of source (i.e., the datamodel of a forum).
Then, the VCS system processes data in CSML
format and creates a speciﬁc CC-LO named Story-
board Learning Object (SLO) [4], containing infor-
mation about scenes, characters, and other artifacts
used during the later visualization of this learning
object. SLOs are editable by the use of an editor tool
(SLO Editor), which allows for changing scenes
order, adding or removing content, adding assess-
ment scenes, deﬁning workﬂow, etc. Finally, the
viewer tool (SLO Player) enables students and
moderators to see the virtualized collaborative ses-
sion in an interactive but read-only way. While the
editing capabilities are still under development, the
current status of our VCS prototype fully supports
the viewer tool (see more information in [4]).
Overall, the VCS transforms a live discussion
forum into an animated storyboard and produces
an event inwhich SLOs are played and consumed by
learners, sessions evolve (‘‘animate’’) over time, and
the ultimate end-user interactions with SLOs are
handled (Fig. 3). As a result, the VCS becomes an
attractive learning resource to increase the learners’
engagement in the collaborative activities [5].
The VCS system has been successfully integrated
with diﬀerentweb forum tools, such as IWT [11] and
the Discussion Forum tool [12]. In this paper we
proceed, ﬁrstly, with integrating the VCS speciﬁ-
cally into the UOC standard web forum tool sup-
porting the in-class formal discussions sessions
occurring in the on-line classrooms. The UOC and
its new Virtual Campus has recently upgraded the
standard forum tool to a phpBB-based web forum.
phpBB (phpbb.com) is a free ﬂat-forum bulletin
Experiences at the Open University of Catalonia with the Virtualization of Live Collaborative Learning 665
Fig. 1. Architecture of the VCS system.
board software solution that oﬀers a great comple-
ment of features and is highly customizable and
conﬁgurable while maintaining eﬃciency and ease
of use. However, phpBB is considered yet another
web forum tool with standard functionalities to
support discussion. Secondly, the results produced
from this technological integration were experimen-
ted to validate the impact of the virtualization of live
sessions of UOC’s in-class discussions in complex
dimensions of the collaborative learning process,
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Fig. 2. SIOC core ontology classes.
Fig. 3. Sequence of screenshots of the VCS embedding a CC-LO/SLOwith a discussion
such as participatory behavior and motivation, as
well as technical aspects of the VCS tool (e.g.,
usability) and worthiness.
3. Research methodology
This section presents a comprehensive experimenta-
tion study describing all activities that were under-
taken during the experimentation of the
requirement scenario (see Section 2). For this sce-
nario, ﬁrst the prototyping activities of integrating
the VCS system into the standard Web-based dis-
cussion tool (i.e. phpBB forum tool) of an engineer-
ing course at UOC are described. Then, a complete
empirical study is reported that includes details on
the goals and hypotheses, the method (including
number and type of participants, apparatus and
stimuli, and procedure). The standard structure
presented is based on the APA guidelines to report
empirical results (see [14]). Experimental results are
discussed in Section 4 to evaluate and validate the
VCS system [13].
3.1 VCS prototyping on UOC forums
Following the VCS architecture (see Fig. 1), the
integration between the phpBB forums and the
VCS was enabled by developing a speciﬁc Con-
verter which read the phpBB database directly
(phpBB Converter). The main problem found in
the integration was that the IWT and the VCS
system were installed in separated servers, which
prevented the direct access to the database in the
UOC installation of phpBB forums. To remedy this
situation, we implemented an additional service on
the UOC servers that returned collaborative ses-
sions data in JavaScript Object Notation (JSON)
format. Then the phpBB Converter was implemen-
ted and installed in the VCS server which recovered
that JSON data and transformed it into CS2 data
model.
The conversion strategy starts with the user’s
request for generating an SLO from a discussion
session supported by the UOC’s phpBBweb forum,
and then, by involving the following VCS compo-
nents: CS2 to SLO, VCS Creator, UOC Converter
(i.e. phpBB Converter) and ﬁnally the SLO Player
(see Fig. 1). Eventually, the user can watch the
generated SLO (Fig. 4).
3.2 Research goals and hypotheses
The goal of this scenario is to virtualize live discus-
sion sessions of UOC to produce storyboard learn-
ing objects embedded in an attractive learning
resource (VCS) to be experienced and played by
UOC learners. During the resource execution, lear-
ners observe how avatars discuss and collaborate,
howdiscussion threads grow, and howknowledge is
constructed, reﬁned and consolidated (see Section
2). The VCS version used for the experimentation
allowed for virtualizing live collaborative sessions at
the same time they occur and no augmentation or
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Fig. 4. Screenshot of the virtualization of the discussion supported by the UOC’s phpBB web forum into a storyboard
(SLO) created by the VCS tool (facial images have been faded and surnames have been removed for private reasons).
management of the virtualization process was avail-
able. Hence the virtualization process kept provid-
ing a live collaborative learning session in a diﬀerent
format.
The goals and hypotheses formulated for this
scenario are related to this version of the VCS
prototype. In particular, the usability and function-
ality of the VCS tool to play and observe the UOC
text-based discussions supported in a multimedia
attractive format. To this end, an experiment was
run to pilot this scenario at UOC in support for a
formal in-class assignment of collaborative learning
based on a discussion. In this experiment, the VCS
acted as the distinctive complement to the under-
lying phpBB forum tool. Next, the goals and
hypotheses are formulated.
Goals
G1: To build a system able to build a SLO from a
threaded discussion (coming from the phpBB
forum).
G2: To employ theVCS in online courses in order to
enhance the teaching/learning process.
G3: To identify possible ways of improving further
the utility of the VCS in online courses.
G4: To create, store and playback the generated
SLO through a user friendly interface.
G5: To build (automatically) a draft SLO from a
discussion session eﬀectively.
G6: To build (automatically) a draft SLO from a
collaborative activity eﬃciently.
Hypotheses
H1: The VCS prototype allows non-expert users to
build and use a SLO (i.e., in a friendly way and
eﬃciently).
H2:Use ofVCS contributes to signiﬁcantly improve
students’ emotions and motivation.
H3:Use of VCS contributes to signiﬁcantly increase
students’ activity levels, both in individual and
collaborative activities.
H4:Use ofVCS contributes to signiﬁcantly improve
students’ understanding of key concepts and
results.
H5: VCS is considered as a worthy educational
resource by students.
3.3 Method
Following the APA guidelines to report empirical
results proposed by [14], information about the
participants, the apparatus used for experimenta-
tion and the procedure of the experiment are pro-
vided in this subsection.
3.3.1 Participants
In order to evaluate the prototype of the VCS and
analyze its eﬀects in the UOC discussion processes,
the sample of the experiment consisted of 55 under-
graduated students enrolled in the course Organiza-
tion Management and Computer Science Projects
from the Computing Engineering degree at the
UOC. Two in-class discussions were scheduled in
the course and for the sake of our experiment.
From 55 students who started the course, 47
(85%) participated in the ﬁrst discussion forming
the control group for this experiment. Then, 40
students (72%) participated also in the second
discussion forming the experimental group. Finally,
only 29 (53%) fully completed the experiment by
submitting a ﬁnal questionnaire, thus forming the
actual sample. The rest of students (8) chose not to
participate or dropped out before the ﬁrst discus-
sion and the course for personal reasons. Therefore,
considering 35% dropout ratio is usual in the last
third of the academic term when the experience was
completed, the actual participation in the experi-
ence was as high as 82%, thus quite representative.
The students were supervised by a tutor, who was
assigned to the classroom as the oﬃcial lecturer
teaching the whole course.
3.3.2 Apparatus and stimuli
Students from the experimental classroom were
required to use the standard text-based phpBB
forums equipped with the multimedia-based VCS
tool (see Fig. 4) to support the formal collaborative
assignment (i.e. in-class discussion).
After the in-class discussion assignment, the stu-
dents were required to ﬁll in a questionnaire, which
included the following 6 sections: (i) identiﬁcation
data (names and username); (ii) open questions
about theknowledgeacquiredduring thediscussion;
(iii) test-based evaluation of the VCS as a valuable
resource; (iv) test-based evaluation on the usability
of the system; (v) test-based evaluation on the
emotional state when using the system; (vi) a test-
based evaluation of the questionnaire. All sections
had a ﬁnal ﬁeld to express suggestions and further
comments about aspects not represented in the
questions. The questionnaire’s sections (ii) through
(v) were considered for the purpose of our study.
For qualitative statistical analysis, we summar-
ized the open answers in the questionnaire. For the
quantitative statistical analysis we employed basic
statistics, such as Mean (M), Standard Deviation
(SD) and Median (Md). We complemented this
quantitative analysis by employing accepted statis-
tical procedures [15], such as Chi-square (X2), so as
to compare the observed scores to the expected
scores.
For the Section (iv) (usability of the forum tools
with the VCS and without it) we used the System
Usability Scale (SUS) developed by [16] which
contains 10 items and a 5 point Likert scale to
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state the level of agreement or disagreement. SUS is
generally used after the respondent had an oppor-
tunity to use the system being evaluated. SUS scores
have a range of 0 to 100 with an average score of 68,
obtained from 500 studies. A score above 68 would
be considered above average and anything below 68
is below average. A score above 80.3 is considered
an A (the top 10% of scores). Scoring at the mean
score of 68 gets a C and anything below 51 is an F
(putting the score in the bottom 15%).
Finally, Section (v) of the questionnaire was
concerned about the ‘‘emotional state’’ of students
when using the new system, which included the
Computer Emotion Scale (CES) [17]. The aim was
to investigate students’ emotions when using the
forum tool equipped with the VCS. CES scale is
used to measure emotions related to learning new
computer software by means of 12 items describing
four emotions:
 Happiness (‘‘When I used the tool, I felt satisfied/
excited/curious.’’)
 Sadness (‘‘When I used the tool, I felt disheart-
ened/dispirited.’’)
 Anxiety (‘‘When I used the tool, I felt anxious/
insecure/helpless/nervous.’’)
 Anger (‘‘When I used the tool, I felt irritable/
frustrated/angry.’’)
The answer categories in this section of the
questionnaire are ‘‘None of the time’’, ‘‘Some of
the time’’, ‘‘Most of the time’’ or ‘‘All of the time.
The data from this experience was collected by
means of the web-based phpBB forums supporting
the discussions in the virtual classroom of UOC. As
mentioned, quantitative and qualitative data were
collected from questionnaires containing quantita-
tive and qualitative questions. The answer cate-
gories varied between rating scales, multiple
choice or open answers.
Regarding the rating scales, for the majority of
the quantitative questionsweused the 5 point Likert
scale, so that students could state their level of
agreement or disagreement. The rating scale
ranged from ‘‘I strongly disagree’’ (1), ‘‘I disagree’’
(2), ‘‘neither/nor’’ (3) to ‘‘I agree’’ (4), ‘‘I strongly
agree’’ (5). Finally, quantitative data was also
collected from the phpBB, VCS and UOC Virtual
Campus databases and log ﬁles.
3.3.3 Procedure
Two in-class collaborative formal discussion assign-
ments were scheduled during the Fall term of 2012.
The ﬁrst one was scheduled during the ﬁrst 3 weeks
of October 2012 and the second one from the last 2
weeks of December 2012 and ﬁrst week of January
2013. The activities were individual and mandatory
for all students and consisted of discussing on topics
related to Computer Science project management.
In the assignments, each student was required to
post one contribution at least on the discussion
topic in hand. Hence, participation in the discus-
sions was mandatory to pass the course. On the
other hand, participation in the experiment (i.e.
submitting the ﬁnal questionnaire) was optional.
Finally, students could contribute as many times as
needed by posting new contributions, replying to
others as well as start extra discussion threads to
provide new argumentations with regards to the
discussion topics proposed.
The ﬁrst assignment (control group) was sup-
ported by the phpBB forum only while the second
one (experimental group) was supported by the
phpBB equipped with the VCS. Hence, unlike the
control group, the experimental group could follow
the discussion by also watching the video scenes of
the VCS prototype integrated in the phpBB. The
aim was to evaluate the participation eﬀects of the
VCSby comparing the activity levels during the ﬁrst
discussion (control group) supported by the phpBB
to the second discussion (experimental group) sup-
ported by the phpBB with the VCS tool. After the
assignment, a questionnaire was sent to students
who were asked with questions on the VCS system.
Finally, the students were asked about their emo-
tional state and usability issues when using the
VCS.
3.3.4 Experimental results
Following the previous methodology, in this sub-
section we provide the experimental results of our
empirical study on the activity, usability and emo-
tional aspects of the VCS tool as well as on the VCS
as a valuable educational resource and its impact in
knowledge acquisition. These results are discussed
in the next section for evaluation and validation
purposes.
 Activity levels
In order to study the students’ activity levels with
the VCS, data was collected from both the experi-
mental group and the control group. For the posts,
words metrics, we computed the mean and its
standard deviation. Finally, for the ‘‘visits’’ to the
VCS (i.e. number of SLO scenes played) we col-
lected information from the VCS log ﬁles. In order
to compare the post visits (i.e., read) to the scene
visits (i.e., watched) we computed the number of
SLOcreated andplayedmultiplied by the average of
ﬁrst scenes watched of each SLO played. Table 1
shows the results.
 Usability
To study on the usability of the VCS tool, we
collected data from students’ ratings and open
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comments on the user interface, functionality, eﬃ-
ciency and integration of the tool. After calculating
the SUS score for each student (n=29), we got an
average for 29 SUS scores of 66.81, thus very near
the SUS mean.
 Emotional aspects
Regarding the students’ emotions of the experi-
mental group during the work with the VCS, the
results from the 12 items of the CES scale describing
four emotions of each student (n = 29) are as
follows: Happiness (M = 1.13, SD = 1.02, Md =
1); Sadness (M = 0.24, SD = 0.51, Md = 0); Anxiety
(M=0.17, SD=0.38,Md=0) andAnger (M=0.27,
SD = 0.52, Md = 0).
 Educational worthiness
To study the level of worthiness of the VCS as an
educational tool, we collected quantitative and
qualitative data in section (iii) of the questionnaire
from seventeen open questions addressed to stu-
dents. The rating scales for the majority of the
quantitative questions were based on the usual 0-
10 point scale. The rating scale went from the lowest
(0) to the highest (10) considering a ‘‘good’’ assess-
ment from 5.0 to 10 and a ‘‘bad’’ assessment from 0
to 4.9, being the ‘‘good’’ assessment the expected
scores for each question (n = 29; df = 1; p < 0.05 for
the calculated X2). We show next the most relevant
questions asked to all students and the results
obtained (note that we used the term ‘‘video-discus-
sions’’ to refer the VCS player tool):
(1) What did you like and what did not about the
video-discussions?
Results:M=5.87, SD=1.82,Md=6andX2 (1)=
9.11, p < 0.01
(2) Do you think the video-discussion has helped you
follow the discussion in comparison to the text-
based phpBB forum?
Results:M=5.21, SD=2.66,Md=5andX2 (1) =
5.451, p < 0.02
(3) Let us know your opinion about the potential of
the video-discussions to observe how people dis-
cuss and collaborate, and how knowledge is
constructed and consolidated.
Results:M=5.62, SD=2.01,Md=5andX2 (1)=
10.823, p < 0.01
(4) Express your opinion about the video-discussions
in terms of eﬃciency and performance.
Results:M=6.83, SD=1.54,Md=7andX2 (1) =
16.046, p < 0.001
After calculating the 0-10 scale for all the four
questions and participants (n= 29), we got a general
mean score of 5.65 (SD = 2.09 andMd = 6) with X2
(1) = 8.7, p < 0.01.
 Knowledge acquisition
To study the level of knowledge acquisition by
using the VCS tool, all students were assessed on
summarizing the discussion in both the experimen-
tal and the control groups. For the control groupwe
considered a similar discussion of previous courses
atUOC supported by the phpBB forumwithout the
VCS (see [5] for details). To this end, Section (ii) of
the questionnaire included 3 evaluative questions: 2
ﬁrst questions to assess the discussion topics and the
lastquestionasked student toassess theirknowledge
acquisition by the discussion assignment. This part
of each questionnaire was addressed by a lecturer
who used the standard 10-point scale to score the
students’ responses. Table 2 shows the results.
4. Discussion
In this section an in-depth analysis and interpreta-
tion of the previous experimental results is provided
in order to evaluate the activity, usability and
emotional aspects of the VCS tool (H1, H2 and
H3) as well as to validate the VCS as a valuable
educational resource (H5) and its impact in knowl-
edge acquisition (H4).
4.1 Activity level fostered by the VCS
In order to evaluate the students’ activity levels with
theVCS(H3)weanalyze the resultsofTable1.These
results indicate that by using the VCS the participa-
tion quantitative behavior was increased since the
number of posts and mean posts/student are signiﬁ-
cantlyhigher in theexperimental group (27.7%) than
in the control group. Similarly, the number of visits
Santi Caballe´ et al.670
Table 1. Results on activity levels of the discussion in both the
control and experimental groups. Note that the number of
participants in both groups is higher than the sample of our
study (n = 29) due to a higher number of students participated in
the discussion activities but only 29 of them completed the
experiment (by also submitting the ﬁnal questionnaire)
Metric/Statistic
Experimental group
phpBB forum (with
VCS)
Control group
phpBB forum
(without VCS)
Number of students 40 47
Total of posts
Mean posts/student
SD posts/student
145
M = 3.6
SD = 3.8
120
M = 2.6
SD = 1.2
Total words
Mean words/student
SD words/student
31330
M = 764.1
SD = 756.7
19182
M = 411.5
SD = 233.7
Total words
Mean words/post
SD words/post
31330
M = 216.1
SD = 116.1
19182
M = 162.5
SD = 95.2
Total visits
Mean visits/student
2213 (360)
M = 55.3 (9.0)
1909
M = 40.6
(i.e. readings of text posts) and mean visits/student
were higher in the experimental group (25.5%) than
in the control group, pointing out that the VCS also
motivated the students from the experimental group
to follow closer and more frequently the discussion
than the control group. This was conﬁrmed by the
data collected from the VCS activity logs (360 ﬁrst
scenes seen by the experimental group). Note the
highSDstatistic of posts/student (3.8) due toa single
outlier, withoutwhich this statistic is 1.8, in linewith
the control group.
Participation qualitative behavior is measured in
terms of the number of words per post and per
student. The signiﬁcantly higher mean statistics of
words per student (46.2%) in the experimental
group indicate that the users of the VCS were
more participative and collaborative when commu-
nicating their ideas and opinions by either sending
new posts or reply posts. Moreover, the longer
contributions in the experimental group (mean of
words per post is 24.8% higher than the control
group) show a better communicative behavior in
line with the high levels of participation and colla-
boration, resulting in higher levels of engagement
and motivation in the discussion process. Note
again the high SD statistic of words/student
(756.7) due to the same outlier mentioned before,
without which this statistic is 371.3, in line with the
control group.
4.2 Usability of the VCS
To evaluate student’s satisfaction with the VCS tool
as regards eﬃcient and user-friendly management
(H1), we got an average for 29 SUS scores of 66.81,
thus very near the SUSmean. In particular, for each
of the 10 SUS items in the 5 point Likert scale,
students using the VCS tool thought they will use
this tool often (M = 3.10, SD = 1.17, Md = 3).
Students did not ﬁnd the tool unnecessarily complex
(M = 2.20, SD = 0.67, Md = 2) nor it was found
cumbersome (M = 2.31, SD = 0.89, Md = 2). In
addition, students stated that they did not need the
support of a technical person to be able to use the
VCS (M = 1.68, SD = 0.76, Md = 2), they thought
that most people would learn to use this system very
quickly (M= 3.68, SD= 0.80,Md= 4), and they felt
quite conﬁdent using the VCS (M=3.62, SD= 0.90,
Md = 4).
From the technical perspective, students found
the VCS functionality well integrated in the phpBB
forum (M = 3.55, SD = 0.82, Md = 4) and without
too much inconsistency in the user interface (M =
2.34, SD = 0.81, Md = 2). Finally, students stated
that the tool was easy to use (M = 3.13, SD = 0.95,
Md= 3) and there was no need to learnmany things
to knowhow touse it (M=1.82, SD=0.71,Md=2).
In sum, the usability of the VCS was found in
general satisfactory or very satisfactory in line
with the general SUS score.
4.3 Emotional aspects
From the CES results obtained we evaluate here the
students’ emotionsof theexperimentalgroupduring
the work with the VCS (H2), showing that students
felt more often happiness than sadness, anxiety or
anger when using the new VCS tool. The most
noticeable result is found in Happiness highest
value, while students felt the same level of Sadness,
Anxiety and Anger emotions, which were all very
low, almost inappreciable (Md = 0), being the
Anxiety emotion the lowest (M=0.17).These results
demonstrate that students were curious with the
video format of the discussion and that they did not
experience these bad feelings when using the VCS.
Overall, these are very good results considering
that students faced a modern learning resource that
was new for them and they had to learn its function-
ality and how to use it for their beneﬁt. Finally, this
result is in line with the results presented above
concerning usability.
4.4 The VCS as a valuable resource
In this sub-section, we validate the level of worthi-
ness of the VCS as an educational tool (H5). From
the four questions of the questionnaire based on the
0–10 point scale, the general mean score obtained of
5.65 (SD = 2.09 and Md = 6) with X2 (1) = 8.7, p <
0.01 is in line with the previous results on usability
and emotions, both conﬁrming the value of VCS as
an educational resource. The analysis of the open
responses to these four questions provided the
following interpretation:
 Question 1, asking students to value the VCS
system, in general indicated that the VCS allows
for watching how knowledge was constructed
step by step in a real situation instead of having
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Table 2. Results of the discussion evaluation
Evaluative
questions
Experimental group
phpBB forum with
VCS (n = 40)
Control group
phpBB forum
without VCS
(n = 31)
Question 1 M = 7.34
SD = 1.71
Md = 7
M = 6.93
SD = 1.15
Md = 7
Question 2 M = 6.77
SD = 0.89
Md = 7
M = 6.83
SD = 1.34
Md = 7
Question 3 M = 8.12
SD = 1.33
Md = 8
M = 7.12
SD = 1.14
Md = 7
Overall M = 7.14
SD = 1.31
Md = 7
M = 6.96
SD = 1.21
Md = 7
to believe the knowledge construction process
without real evidences. On the other hand, only
a very few students complained on technical
issues that made uneasy to follow the discussion
with VCS while others found the video format of
the VCS monotonous and preferred to read the
text-based posts of the phpBB forums.
 Question 2, aimed to compare the video format to
the text-based posts of the phpBB forum, resulted
with fair scores though the lowest scores of all the
questions.Many students indicated that the inno-
vative format of the VCS engaged them into the
discussion while fostering reflection and reason-
ing processes instead of simply scanning others’
opinions. As a result, the new learning resource
helped students understand the concepts more
easily than traditional text-based forums. On the
other hand, some students found the VCS excel-
lent but as a complement of the standard forum
rather than replace it. Other students mentioned
not to see further advantages from the video
format and even they found easier to read than
watch the video-discussion, while others found
the oral format faster and clearer to understand.
Finally, most of students thought that the new
video format has a lot of potential though they
were used to reading posts rather than watching
it, thus showing some steps of resistance to
change and needing time and more experiences
to get used to study this way.
 Question 3 that seeks the potential of the VCS
system to observe how knowledge is built indi-
cated that most of students found this resource
very useful to learn and acquire knowledge by
watching rather than reading long texts. They
also mentioned that the video resource was very
suitable for those who are accustomed to face-to-
face learning by watching people rather than
reading materials. In addition, they reported
that by the new resource they could observe and
build new knowledge based on others’ opinions
and replies on them, and as a result to form own
and mature opinions on the discussion topic. On
the other hand, a few students indicated that the
content of the material should be refined for the
purpose of observing how knowledge is con-
structed, such as changing the overall discussion
from sequential to tree structure and shortening
certain responses. Finally, some students
reported that some video scenes were useful to
observe the knowledge construction process
while other scenes brought certain level of confu-
sion due to the length or repetition of previous
contributions, similarly to text-based posts.
 Question 4 related to the efficiency and perfor-
manceof theVCSobtained quite good results and
the highest score of all the questions. Almost all
students indicated that the VCS was intuitive and
easy to use, as well as very convincing from the
efficiency and performance perspective. This
result is in line with the results obtained on
usability. A few students who were Linux users
reported problems with installing the VCS plu-
gins (i.e., MS Silverlight) in their computer sys-
tems. Also, some students mentioned they found
the ‘‘robotic voice’’ of the animated avatars
monotonous and bothering.
Finally, many students provided some hints to
improve the VCS in general as they suggested using
this type of learning resources in more courses and
programs of the UOC. In overall, the above are
good results considering this version of the VCS
system at the time of the experience was far from
being fully developed. In particular, the user inter-
face needed to take several iterations of improve-
ments before being completed.
4.5 Knowledge acquisition
In this sub-section we validate the level of knowl-
edge acquisition by using the VCS tool (H4). From
the results of Table 2, students from the experi-
mental group scored higher than the control group
though the diﬀerence is not signiﬁcant. Both groups
got goodmarks on average and showed a good level
of knowledge acquisition. These results are in line
with the results from the impact of the VCS tool in
the students’ activity levels (see Section 4.1), which
was higher than in the other classroom but also in
line with the quantity and quality of the participa-
tion reported in Section 4.4 where students indi-
cated that the VCS did not foster the quantity and
quality of the participation.
In summary, we cannot conclude that the current
version of the VCS tool had an impact on the
knowledge acquisition of the discussion. This con-
clusion is in line with previous experiments with the
VCS [5, 18].
5. Conclusions and further directions of
research
In this ﬁnal section the results are summarized by
focusing on the goals determined at the beginning of
this study (from G1 through G6—see the research
goals in Section 3.2). Then, based on these results,
further research and technological directions of
research are provided.
In general, the students of the engineering course
liked the approach proposed and found the VCS
tool interesting so as to have another option to
follow the in-class discussion-based assignments.
During the experience with the VCS tool, students
indicated they could generate the storyboard from
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the phpBB forumwithout problems (G1) and it was
eﬀective to support the discussion for review and
summary purposes of engineering topics (G5).
Despite some technical problems, the majority of
students reported to be able to generate the story-
board eﬃciently (G6) and create, use and playback
it as many times as needed easily and with positive
emotions (G4). In addition, the VCS was proved to
become a worth engineering educational resource
by assessing several aspects of the learning process
(G2), such as knowledge building and participation.
In particular, the gain in knowledge acquisition in
technical aspects the engineering course by using the
VCS could also be validated by comparing the gain
of knowledge with previous experiments in the same
course with the phpBB forum without the VCS,
though the results obtained were not signiﬁcant.
Finally, the students’ comments gavemanyhints for
possible improvements of the tool (G3).
Current research aims at identifying the exact
processes needed to create CC-LOs, whether the
content itself requires creation, or rather CC-LOs
may be formed by appropriately recognizing the
pedagogic relationship between existing technical
and conceptual components, and consolidating
them into the LO approach andwithin the curricula
of the engineering courses of the UOC. From this
pedagogic perspective, ongoing work aims to
develop clear guidelines for the creation and use of
CC-LOs both within diﬀerent engineering applica-
tiondomains (e.g., software and computer engineer-
ing) and by engineering educators on a wider scale.
Next iterations of our approachwill provide a full
featured version of the VCS prototype to support
speciﬁc aspects of the engineering curricula, such as
systems models and simulation. Innovative func-
tionality will be incorporated, such as an editor tool
that allow for building a reusable CC-LO by elicit-
ing the knowledge acquired in previous live
collaborative sessions. From this technology per-
spective, we plan to provide a new type of colla-
borative complex learning resource, which have an
impact on the knowledge acquisition and in the
learning process in general. For this purpose, these
new resources will incorporate new forms of cogni-
tive assessment and the embodiment of emotion
awareness to empower the learning experience and
improve the student motivation and engagement.
Overall, these extensions with complex cognitive
and emotional dimensions will eventually provide
learners with balanced levels of challenge, interac-
tion and empowerment during the collaborative
learning experience.
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1. Introduction
Computer-Supported Collaborative Learning (CSCL) is
a mature research field in the educational domain
dedicated to improving teaching and learning through
the introduction of modern ICT (Dillenbourg, 1999b).
Learning collaboratively is represented by a set of
educational approaches, involving joint intellectual effort
by learners, or learners and teachers together (Goodsell
et al., 1992). Collaborative learning activities vary
widely, though most of them are centered upon student’s
exploration or application of the course material, not
simply the teacher’s presentation or explication of it.
However, many researchers (Dillenbourg, 1999a;
Goodsell et al., 1992; Stahl, 2006) argue that students
must be meaningfully engaged in the CSCL resources for
effective collaborative learning to occur. Such a lack of
engagement is especially evident in on-line collaborative
learning content, and can be attributed to the lack of
(i) real interactivity (in many cases the only interaction
available is to click on the next button to obtain the
next message in a discussion forum); (ii) challenging
collaborative tools, instead of tools which fail to stimulate
learners, making the collaborative experience unattractive
and discouraging progression; and (iii) empowerment, as
learner expects to be in control of their own collaborative
learning.
In order to overcome these limitations, in previous
research, we reported on a new collaborative learning
methodology called Collaborative Complex Learning
Object (CC-LO) (Caballe´ et al., 2012) through the
development of a system prototype called Virtualized
Collaborative Session (VCS) that enables the embedding
and execution of the CC-LO approach (Gan˜a´n et al.,
2013). The VCS application creates CC-LOs from
the virtualization and registration of live collaborative
sessions, which can be augmented by alternative learning
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paths, cognitive and emotional features, additional
content, etc., during an authoring phase (i.e. an expert
managing the CC-LO). The registered CC-LOs are
eventually packed and stored in the form of Collaborative
Complex Learning Resource (CC-LR) (see Fig. 1) for
further reuse, enriching live sessions of collaborative
learning with balanced levels of interaction, challenge and
empowerment (Caballe´ et al., 2013).
However, current Learning Management Systems
(LMS) do not support a straightforward integration
of modern pedagogical models and methodologies nor
the corresponding complex learning resources yielded
(Abad, 2008), instead great development efforts must
be made to integrate these resources into LMSs
most of times in an ad hoc fashion, with very
inefficient results in terms of productivity, quality and
cost (Moscinska and Rutkowski, 2011; Christie and
Jurado, 2009). Further, LMS developers have no
opportunities to leverage computational experiences of
on-line collaborative learning designed to meet modern
and changing pedagogical requirements, hence the
software reuse capacity in this field is rather low (Caballe´
and Xhafa, 2010).
In this paper, we propose the provision of software
infrastructure to support new types of pedagogically
augmented collaborative learning methodologies and
resources by means of an innovative application
framework (Schmidt, 1997) called Virtualized
Collaborative Sessions Framework (VCSF). A first
step towards this direction was proposed in Gan˜a´n et al.
(2013). The VCSF supports the entire process of creation,
management and execution of the mentioned SLO and
CC-LR resources from any LMS and collaborative
learning tool. As part of the process, the VCSF exploits
the VCS application and leverages Web semantic
technologies (Conesa et al., 2012) to enable e-learning
software developers to embed many types of successful
collaborative learning experience into different LMSs in
a software reuse and systematic fashion. For validation
purposes, the paper presents successful experiences, both
pedagogical and technical, evaluating our framework
into different LMS and e-learning tools to support the
virtualization process of live collaborative learning
sessions. The ultimate aim is to show the software reuse
capability from the systematical application of the VCSF
approach as well as the resulting pedagogical benefits,
such as increasing students engagement and learning
performance.
The paper is structured as follows: Section 2 presents
related concepts, theories and technologies applied and
sets the research goals. The proposed application
framework that supports the development of complex
collaborative learning resources is defined and prototyped
in section 3. Section 4 validates our application
framework through experimentation in a real e-learning
context. Finally, section 5 concludes the paper and
outlines ongoing and future work.
2. Background and research aims
In this section, a brief overview of each of the technologies
and paradigms related to this work is presented, namely
(i) software infrastructure for collaborative learning, (ii)
technology support for collaborative learning and (iii)
semantic knowledge engineering technologies. This
overview will serve as background for setting the
main goals of this research, which are defined at the
end of this section, becoming the very rationale of
the software infrastructure approach for collaborative
learning presented in this paper.
2.1. Software infrastructure for engineering col-
laborative learning applications. Generic platforms,
frameworks and components are normally developed for
the construction of complex software systems through
the reuse technique (Gamma et al., 1995; Fayad et al.,
1999; Schmidt, 1997; Caballe´ and Xhafa, 2010; Rius
et al., 2013). This approach has been successfully
applied to different domains thus providing applications
of increased quality, and reduced cost and development
time (Czarnecki and Eisenecker, 2000; Gomaa, 2005).
In particular, application frameworks promote a
standard structure for developing software applications
and tools. Programmers find it much simpler to
create automatic creation tools when using a standard
framework, since this defines the underlying code
structure of the application in advance. Developers
usually use object-oriented programming techniques to
implement frameworks such that the unique parts of an
application can simply inherit from pre-existing classes
in the framework (Fayad et al., 1999). Application
frameworks became popular with the rise of graphical
user interfaces (GUIs) and Web applications, which
alleviate the overhead associated with common activities
performed in web development and creating GUI tools
by providing libraries for database access, template
frameworks and session management, and they often
promote code reuse (Schmidt, 1997). The outcome of
our work reported in this paper follows this application
framework approach.
However, a revision of the latest research to provide
framework support to the development of applications
within the field of CSCL domain shows that the
results are still scarce (see Caballe´, 2008 and Caballe´
et al., 2007 for an extensive overview of related
work). Main focus is still on leveraging the great
research efforts and technological advances within the
general Computer-Supported Cooperative Work (CSCW)
domain (Penichet et al., 2010; Fonseca et al., 2009;
Petropoulakis and Flood, 2007; Bao-Qing et al., 2007;
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Fig. 1. The process of producing, managing and storing a CC-LR by the VCS system from a CC-LO/SLO (left part), incorporating
different types of scenes and author information (right part), such as cognitive assessment and emotional awareness of the
original participant and contributions.
Lukosch and Schu¨mmer, 2006). These approaches
provide exhaustive support for cooperative work, such
as group and workflow management, group editing,
document sharing and many types of both synchronous
and asynchronous communication (Fonseca et al., 2009).
However, many of them are not even prepared to
support essential collaborative learning features, such as
collaborative knowledge building and scaffolding as well
as specific monitoring and assessment of the learning
process (Dillenbourg, 1999a). Representative researchers
(Stahl, 2006) argue whether intrinsic CSCL requirements
should be considered from the very beginning of the
development and not as an extension to experimented
CSCW tools for work (Bentley et al., 1997).
2.2. Technological approach for enhancing collabo-
rative learning applications. Technologists have made
many attempts to provide better tools for content creation,
management, and execution of learning resources to
educators, but the transition from the role of content
creator to moderator generates inherent resistance in
the educator (Mosley, 2005). In particular, CSCL
tools commonly focus on the provision of design aids
to educators, which seek to ensure best-practice in
pedagogy is facilitated, or required, by the software and
its user interface (Abdullah and Abbas, 2006). This
has the potential to address the common concern in
technology-supported learning of technologists, rather
than educators, taking a lead role (Zyda, 2005), by
lowering the technological skills required to create and
implement scenarios.
The research drive here is in creating CSCL tools
which are a degree abstracted from low-level technical
implementation. However the concept of a CSCL tool
composable within different LMS, demands to realize it in
practice. Such demand arises from the evolving nature of
technology and its increasing ability to facilitate various
learning styles and content items, and therefore transfer
of pedagogic content between technologies requires some
ability to adapt this content autonomously to meet the
capability of the system.
2.3. Semantic knowledge engineering technologies for
learning. There has been a great effort in the Semantic
Web community in order to provide specifications,
standards and ontologies to facilitate semantic processes
in learning (Wilson, 2004; Inaba et al., 2000). The
difficulties of the current standards and specifications for
defining learning objects unambiguous specifications pose
a serious problem in its adoption to semantic approaches
(Rodrguez et al., 2009). Several ontologies have been
created to define learning objects unambiguously. The
more representative of them are Al-Khalifa and Davis
(2006); Brase (2005); Dodero et al. (2005); Ullrich
(2005); Zarraonandı´a et al. (2004).
Semantic approaches related to the definition and
implementation of learning processes in the field of
CSCL include Babicˇ et al. (2008) who define an
ontological framework to describe the common semantics
needed for the implementation of collaborative learning
environments. Rius et al. (2013) also propose the use
of educational patterns in a Domain Specific Language
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fashion in order to specify and reuse patterns of processes
that occur repeatedly in learning environments, providing
a good alternative to model and reuse learning processes.
Similarly, Dodero et al. (2010; 2012) use ontologies
in a model driven approach in order to use a standard
vocabulary to specify learning artifacts and mechanisms
to automatically implement such artifacts in different
LMS. In a higher level of abstraction, (Conesa et al., 2012)
propose a framework that supports bottom-up learning
processes, such as support registration, management, and
sharing methods. It also creates high-level elements,
such as courseware and e-learning tools, with remarkable
benefits of ubiquity and interoperability, in line with tutors
needs and requirements. Indeed, with a well-defined
ontology structure, collaborative learning can accumulate
the knowledge representation of learning objects and
their use, including participant background, instruction
designs, learning activities and outcomes, etc (Babicˇ
et al., 2008).
To sum up, current attempts fail in providing
appropriate response to the two main objectives of our
research: (i) provision of software infrastructure to
support advanced types of pedagogically augmented
collaborative learning resources, and (ii) enable
LMS developers to systematically reuse successful
collaborative learning sessions. To this end, next section
presents a methodological approach to validate our VCSF
approach aimed to yield more effective and quality
pedagogically augmented CSCL applications while
saving development time and effort.
3. Research methodology
In order to achieve the goals of this research, we present in
this section our application framework for the creation of
storyboard learning objects that are interactive, attractive
and easy to use for the e-learning actors. The framework
also promotes the reutilization of previous knowledge and
the reusability of the created resources.
The application framework we proposed in this paper
is called Virtualized Collaborative Session Framework
(VCSF). The VCSF was originally meant for the
virtualization of collaborative sources, such as forums
and chats (Gan˜a´n et al., 2013), but it has been extended
with other capabilities, such as emotional awareness and
cognitive assessment, in order to support the creation
and management of CC-LR resources. Next we describe
the VCSF in detail, from its architectural components
to relevant guidelines and recommendations for LMS
domain developers to extract the most of it (see Section
2 for a definition and rationale of the concepts mentioned
in this section).
3.1. VCSF architecture and tools. The VCSF
architecture (see Fig. 2) is made up of two layers,
namely Conversion and VCS layers. It starts with the
Conversion layer, which converts data from different data
sources of collaborative sessions into a common ontology
specification known as Collaborative Session Conceptual
Schema (CS2) (Conesa et al., 2012). Then, the VCS layer
creates an SLO from the CS2 data and stores the SLO
in a special repository for further use of the system tools
and services. Next, these architectural components are
explained in more detail.
3.1.1. Conversion layer. The Conversion layer of
the VCSF defines a generic converter component that
can be particularly implemented for specific data sources
from forums and chats tools of different LMS. As shown
in Fig. 2, the input collaborative session from those
data sources is read by the converters components and
represented using CS2 common specification, which is
based on Semantically-Interlinked Online Communities
(SIOC) and Friend of a Friend (FOAF) ontologies. CS2
can be stored or imported from files in Collaborative
Session Markup Language (CSML) format, which is
in turn based on the RDF representation for the SIOC
ontology (see Conesa et al. (2012), for an exhaustive
procedure view).
The conversion process done by each specific
converter component can be viewed as a deterministic
mapping between two data models (original data source
schema andCS2 data model) following a set of predefined
mapping rules. Such rules may vary depending on the
converter being developed. Although each converter
would have its own specific implementation, a two steps
sequential process is expected for any converter: (i) a
reader component reading data from the data source, and
(ii) a mapper component transforming this data into CS2
model.
The CS2 model includes entities and relations
between them for describing collaborative sessions in a
simple way (see Fig. 3). The main entity of the CS2
model is the CollaborativeSession, which is included in
Site and has a set of UserAccounts that participate on it.
It also has a list of posts per UserAccount. Posts are
interrelated in a threaded structure through the Replies
relation.
3.1.2. VCS Layer. The VCS layer or component is
the core of the VCSF architecture (see Fig. 2). This
sub-section describes the VCS layer in detail including
the tools and services required to create, edit, reproduce
and store SLO and eventually produce CC-LR resources.
The CC-LR outcome allows representing
collaborative learning objects with a storyboard structure
(SLO) which model is depicted in Fig. 4. In this model
each step of the collaboration is represented by a different
scene. Scenes can in turn be composed by a list of
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Fig. 2. VCSF general architecture, which is compatible with multiple forums.
Fig. 3. CS2 data model.
scene parts, of different types depending on the type of
scene. Other kind of scenes can be added to the CC-LR
model in straightforward fashion in order to add new
functionalities. This is one of the extensibility aspects
of the VCSF. On the other hand, a DialogScenePart is
associated with a Character, which has a unique name, a
face (avatar) and vocal timbre (for speech). An emotional
state is also bind to a DialogScenePart.
The architecture of components of the VCS layer
(shown in Fig. 2), has the following three types of
components:
 SLO Repository: This is a core component of the
system, which takes care of managing the storage of
previously created SLO for reutilization.
 Tools: Represented by rectangles in the diagram,
they enable the user to interact with the system, by
creating, editing or playing SLOs.
 Services: Represented by the hexagonal shapes in the
diagram, they offer different generic functionalities
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Fig. 4. SLO Model Classes.
to the system that are used within the tools and other
components.
Finally, the VCS layer can be extended by adding
new services and tools for meeting new requirements and
functionalities. The main components of the VCS layer
are explained next in more detail.
a) CS2 to SLO
This component of the VCS layer translates a
collaborative scenario represented in CS2 data into
SLO data. The translation consists of a simple and
deterministic mapping between the two data models;
further process of the results is done manually by the use
of the SLO Editor tool (see VCS tools below).
b) SLO Repository
The SLOs created by the VCS system are stored in
a common place or SLO Repository to be available for
the different tools and services. In order to encapsulate
SLOs storage and management functionalities, a SLO
Repository service was created in the VCS layer. This
service defines different operations to interact with the
repository, like getting a list of available SLOs, get an
SLO by id, creating a new SLO from a collaborative
session, etc.
c) VCS tools
The VCSF provides user interaction through the VCS
tools, enabling the user to create, edit and reproduce
SLOs. The VCS layer provides by default the following
tools:
 SLO Player tool
This tool enables the user to reproduce available
SLOs (see Fig. 1 for a screenshot) and its design
is flexible enough to reproduce on-the-fly updates
of the SLO model. The main element of this tool
handles the storyboard defined in the SLO being
played at a high level, being unaware of the kind of
scenes that compose the storyboard. This is possible
because each type of scene represented in a SLO
must have a corresponding component to reproduce
it. The SLO Player tool relies on services, such as the
SLO Repository service or the Speech synthesizer
service in order to both access the repository and
make text-to-speech requests respectively.
 SLO Editor tool
The main goal of the SLO Editor tool is to enable
users to edit an existing SLO and store the changes.
Editing a SLO involves creating, modifying or
deleting SLO scenes. There are different types of
scenes, such as Dialog, Assessment and Emotional
scenes, each one needing a custom edition procedure.
Similarly to the player tool, the editor tool has its own
scene editor for each type of scene, and those scene
editors are created by a factory entity depending on
the current scene type. The editor tool also relies on
services for some generic tasks, such as accessing a
SLO list available in the repository, and recovering
and updating a SLO.
 VCS Creator tool
This is a helper tool to support the whole process of
converting live collaborative sessions into SLOs. It
connects to different data sources and shows a list
of available sessions so that the user can select the
session to convert. Then, the tool recovers the CS2
data through the corresponding converter, and uses
the CS2 to SLO component in order to create a new
SLO, which is eventually stored into the repository.
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d) VCS services
The VCS services support the creation, edition
and reproduction process of SLOs, such as the above
described SLO Repository service. The rest of services
are described next:
 Speech service: This service provides text-to-speech
(TTS) capabilities to the framework. The service
receives a text message and a set of features
(language, gender, etc.) and returns a byte array
containing the generated audio. For the TTS
conversion the service relies on the Microsoft TTS
system.
 Multimedia repository service: This service is for the
storage in a repository of multimedia resources used
in SLOs and enables interaction with this repository.
 Conversion service: Communication with the
conversion layer is addressed by this service, to avoid
coupling with many modules.
 Activity log service: The purpose of this service
is to enable logging capabilities to the rest of the
framework components.
 Keywords and Classification services: SLO
messages (Dialog scenes) can be tagged and
classified while editing the SLO (see Fig. 5). The
keywords service provides access to a dictionary of
predefined keywords for tagging, while classification
service receives a message and suggests a possible
tag or category (see Section 3.1.3).
 Video generation service: This service provides
functionalities to convert an SLO into a video
sequence.
3.1.3. VCSF extensions. Following the above
mentioned extensibility of the VCSF framework, this
sub-section presents two important pedagogically-based
extensions integrated into the VCSF in order to support
cognitive assessment (Mora et al., 2012) and emotional
awareness capabilities (Feidakis et al., 2012). The
integration of these capabilities is addressed from two
time dimensions, namely deferred and immediate time
(Caballe´ et al., 2013).
The deferred time approach analyzes data coming
from the live collaborative session and considers some
data about the participants and messages found in the
original collaboration (i.e. the forum tool supporting the
live discussion). This approach is performed during the
conversion from CS2 to SLO (CS2 to SLO component).
Note that the CS2 must be previously extended to
support optional fields related to deferred time data though
depending on whether the original data source can provide
this information, the corresponding converter will fill
these optional fields accordingly.
On the other hand, immediate approach focuses
on the student who is consuming the CC-LR and is
addressed by creating specific types of interactive scenes
that provide feedback.
a) Cognitive assessment
Cognitive assessment is essential in virtual
collaborative learning scenarios because it provides
many forms of feedback to students about their learning
progress, thus getting them more engaged in the on-line
learning process (see Mora et al. (2012)).
Following the time dimensional approach presented
earlier, the VCSF supports deferred time assessment by
processing the contents of collaborative sessions (e.g. post
tags, number of posts, replies, etc.) and presenting CC-LR
consumers some visual indicators (Fig. 1) showing the
most important contributions and active participants in the
collaboration.
The teacher can run an automatic post tagging system
included in the SLO Editor, which automatically assigns a
tag to each original post by processing the corresponding
text following a machine learning approach (see Fig. 5 and
also Caballe´ et al. (2009) for the complete procedure).
The teacher or learning designer can also manually edit
this tag to best express the posts original intentions.
Immediate time assessment is implemented in the
VCSF as a set of specific scenes with test questions about
the discussion topic and appropriate feedback from the
test results. Assessment scenes are created and handled
by the SLO Editor tool, which permits the teacher to edit
the test questions and answers as well as define a set of
feedback rules that change the flow of the SLO depending
on the result obtained in the test (Fig. 6). Hence, whether
the answer is right or wrong, the student may be redirected
either to the next scene or to a previous scene respectively.
In case of failing the same test repeatedly the students is
redirected to a special scene with complementary material
on the test topic, thus filling the knowledge gaps.
b) Emotional awareness
Emotional awareness is considered a relevant aspect
of e-learning, providing feedback to user emotions while
learning can help orientate students and increase their
engagement (see Feidakis et al. (2012), also for a
complete view of the emotional procedures of the VCSF
described next).
Similarly to the cognitive assessment perspective,
the VCSF approaches emotional awareness also from
two time dimensions, namely deferred and immediate
time. Emotional awareness in deferred time shows the
emotional state of each participant while posting the
corresponding message to the live collaborative session
(see Fig. 1). This emotional state is calculated during
8 D. Gan˜a´n et al.
 
Fig. 5. Tags on speech acts either suggested by the system or selected manually.
Fig. 6. Immediate assessment scene during the reproduction of an SLO.
the conversion from CS2 to SLO in case of that the
CS2 contains emotional state information from the live
collaborative session. The SLO editor tool also enables
the teacher to set up the emotional state of the participants
in each dialog in order to best transmit the original
participants emotions.
On the other hand, emotional awareness in
immediate time is implemented by a set of scene types that
can be created and managed by the SLO Editor tool, which
ask the student about her emotional state using non-verbal
reporting mechanisms (i.e. icons, see Fig. 7a). Based
on the students selection, certain empathetic response is
shown in order to engage or motivate the student to move
forward (see Fig. 7b).
3.2. VCSF proof of concept. The VCSF was
successfully tested in a LMS system called IWT, with the
purpose to greatly enhance and improve its underlying
collaborative learning processes and experiences. In
particular, the VCSF fully assisted in the generation of
SLO from the mentioned LMS, namely IWT forum.
This experience gave us the opportunity for an in-depth
practice with the framework, in terms of flexibility,
abstraction and potential reuse capabilities.
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Fig. 7. Immediate emotional awareness: on the left (a) the student her emotional state; on the right (b) a virtual agent provides an
empathetic response.
Following the architecture of the VCSF (see Section
3.1.1), the only component that had to be developed
from the scratch during the integration process was the
corresponding converter for the data sources of each
web forum. The rest of components of the VCSF were
integrated transparently into the web forums of the LMS.
The general strategy to build a converter for a new
e-learning system (i.e. web forum data source) consists of
the following 3-step process (see also Section 3.1):
1. Install and set-up the VCSF main components
(services, tools, etc.), in a web server.
2. Develop a converter piece of software for the new
data source of the targeted web forum.
3. Add the new converter into the VCSF framework.
From the above, the most interesting step for research
purposes is the development of the converter piece of
software. The implementation varies depending on the
location and structure of the data in the data source, but
the strategy is similar in all cases. For obtaining the
list of available live collaborative sessions, the converter
queries the data source (database, file system, etc.) and
recover some basic information about the sessions, such
as session id and title. Then, the converter uses this
information to obtain the entities and attributes from the
forum data source and matches them with the CS2 model,
thus realizing the conversion. Finally, once we have the
CS2 model, the VCSF uses it as an input to automatically
generate the SLO through the CS2 to SLO component.
Finally, we prototype the VCSF components in the
IWT system and its supported web forums, which store
information about collaborative sessions in a database
using a custom structure. The main issue found in this
experience was that the IWT and the VCSF system were
installed in separated servers, and a direct access to the
IWT database was not available from the VCSF server.
The solution to this problem was to split the converter
component in two parts communicated between them by
the Internet. The one installed on the IWT server read data
from database, converted it intoCS2 data model, and then
sent it to the component installed on VCSF server, which
in turn made it available to the VCSF system in order to
convert it into an SLO.
From the point of view of the user this process
is transparent, which is up to the VCSF to handle it.
When the user requires a collaborative session of IWT
web forums to convert into SLO, IWT opens a new
web page calling the VCS Creator tool and passes on
the corresponding session id. The VCS Creator then
recovers the session data in CS2 format by using the
converter, converts the CS2 data into SLO (by the CS2
to SLO component) and eventually stores the SLO into
the repository (SLO repository tool). Once the SLO is
created, the VCS Creator automatically starts the SLO
Player tool to show the SLO reproduction to the user.
4. Experimentation and validation
An empirical study (an in-class experimentation with
real students) was conducted to evaluate the prototypes
presented in the previous section. This study was
performed on a proof of concept of a CC-LR coming
from a SLO built and supported by the VCSF framework.
Therefore, the results and interpretation of this study help
validate the underlying VCSF framework used to develop
the proofs of concept in different collaborative learning
tools (see section 3.2).
In the next sub-sections, we first describe the
set-up and procedure of the study and then show
the experimental results along with an analytical data
discussion on these results.
4.1. In-class experimentation. For the in-class
experiment, a CC-LR resource was developed by the
VCSF. Firstly, the data source of a live collaborative
learning session was derived from a typical discussion
forum used to support in-class discussions at the Open
University of Catalonia (UOC). Then, we used the VCSF
to generate an animated SLO from the forum tool showing
how people discussed and collaborated, how discussion
threads grew and how knowledge was constructed, refined
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Fig. 8. Screenshot of a moment discussion supported by the IWT Web forum is virtualized as a video storyboard (SLO) created by the
VCS tool (facial images have been faded and surnames have been removed for private reasons).
and consolidated (see Fig. 1). By the VCS tools this
SLO was then stored for further reuse in the form of a
CC-LR and augmented by the Editor with emotional and
assessment information as explained in Section 3.3.
The ultimate goal was to evaluate the pedagogical
benefits of the VCSF approach to build a CC-LR and
analyze their effects in the learning process. The
experimentation took place in the real context of learning
of the UOC.
4.1.1. Experimentation set-up and procedure. The
sample of the experiment consisted of 55 undergraduate
students enrolled in the course Organization Management
and Computer Science Projects in the Engineering
Computing degree at the UOC. Despite all 55 students
participated in this experience, only 29 out of them
(52.7%) submitted the final questionnaire, the rest of
students (26) dropped out the discussion and the course
for personal reasons. It is worth mentioning that the 45%
dropout ratio found is considered normal at the end of the
academic term. The group was supervised by a tutor who
was in charge of the course.
The experimentation procedure was as follows. A
formal in-class learning assignment was scheduled during
the first 2 weeks of January 2013. The activity was
individual and mandatory for all students and consisted
in filling a test with questions on Software projects
management. Besides the usual didactical material of the
course, students of the experimental group were required
to use a new material to support specifically this activity
in the form of a video-discussion (CC-LR) called Factors
that lead a Computer Science project to failure which
contained a discussion about project management (see
Fig. 3). This material was enriched with emotional
information, which made the material highly interactive.
The students could watch this interactive CC-LR material
embedded in the VCS system from their on-line classroom
of the UOC.
After the assignment, students were required to
fill out a questionnaire, which included: (i) test-based
evaluation on the usability of the VCS system; (ii)
test-based evaluation on the emotional state when using
the VCS system and (iii) test-based evaluation of the
CC-LR consumed. Quantitative and qualitative data were
collected from the questionnaire containing quantitative
and qualitative questions, the answer categories varied
between rating scales, multiple choice or open answers.
For qualitative data analysis, we summarized the open
answers in the questionnaires. For the quantitative
analysis we employed basic descriptive statistics, such as
Mean (M), Standard Deviation (SD) and median (Md)
to analyze the scores obtained in the questionnaire. We
complemented this quantitative analysis by employing
accepted statistical procedures (Alexander et al., 1974),
such as Chi-square (X2), so as to compare the observed
scores to the expected scores.
For the section (i) (usability of the VCS Player
showing the CC-LR) we used the System Usability Scale
(SUS) developed by Brooke (1996), which contains 10
items and a 5 point Likert scale to state the level of
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agreement or disagreement (it ranges from I strongly
disagree (1), I disagree (2), neither/nor (3) to I agree (4),
I strongly agree (5)). SUS is generally used after the
respondent had an opportunity to use the system being
evaluated.
To investigate the emotional state of the students
using the new system (section ii of the questionnaire),
we included the 12 items of the Computer Emotion
Scale (CES) (Kay and Loverock, 2008). The CES scale
is used to measure emotions related to learning new
computer software. Research showed that the 12 items
are describing four emotions:
 Happiness (When I used the tool, I felt
satisfied/excited/curious.)
 Sadness (When I used the tool, I felt
disheartened/dispirited.)
 Anxiety (When I used the tool, I felt
anxious/insecure/helpless/nervous.)
 Anger (When I used the tool, I felt
irritable/frustrated/angry)
The answer categories in this section are None of the
time, Some of the time, Most of the time or All of the
time.
4.1.2. Results and discussion. This section shows
the results collected from the aforementioned experiment
from which we evaluated the implicit students satisfaction
with the VCSF approach as an educational resource,
considering the level of worthiness of the CC-LR as well
as the usability and emotional aspects on using the VCS
tool.
a) Usability assessment
To evaluate students satisfaction with the tool
as regards efficient and user-friendly management, we
collected data from students ratings and open comments
on the usability/functionality/integration of the tool. SUS
scores have a range of 0 to 100 with an average score of
68, obtained from 500 studies. A Score above a 68 would
be considered above average and anything below 68 is
below average. A score above an 80.3 is considered an
A (the top 10% of scores). Scoring at the mean score of
68 gets you a C and anything below a 51 is an F (putting
you in the bottom 15%).
After calculating the SUS score for each student
(n=29), we got an average for 29 SUS scores of 67.91,
thus just on the SUS mean. In particular, students of
the experimental group thought they will use the CC-LR
(video-discussion) often (M = 3.83, SD = 1.10, Md = 4).
Students did not find the tool unnecessarily complex (M
= 2.21, SD = 0.90, Md = 2). In addition, students stated
that they did not need the support of a technical person to
be able to use the video-discussion (M = 1.41, SD = 0.57,
Md = 1), they thought that most people would learn to use
this system very quickly (M = 4.22, SD = 0.58, Md = 4),
and they felt quite confident using the video-discussion
(M = 3.90, SD = 1.01, Md = 4). Finally, students stated
that the VCS functionality was well integrated (M = 3.48,
SD = 0.78, Md = 4) whereas video-discussion was found
easy to use (M = 3.24, SD = 1.02, Md = 3). In sum, the
usability of the video-discussion enriched with complex
aspects, such as emotional information, was found in
general satisfactory or very satisfactory in line with the
general SUS score.
b) Emotional assessment
Regarding the students emotions of the experimental
group during the work with the CC-LR, the results from a
4-point rating scale (n=29) are as follows:
 Happiness (M=1.28, SD=0.71, Md=1). This
result shows students were curious with the new
type of emotional scenes incorporated in the
video-discussion.
 Sadness (M=0.52, SD=0.58, Md=0); Anxiety
(M=0.34, SD=0.68, Md=0); and Anger (M=0.24,
SD=0.65, Md=0). These results are very good
with Md=0, which means that students did not
experienced these bad feelings.
In sum, students felt more often happiness than
sadness, anxiety or anger when studying with the new
learning material (CC-LR) extended with emotional
aspects. The most noticeable result is found in Happiness
highest value, while students felt the same level of
Sadness, Anxiety and Anger emotions, which were very
low, almost inappreciable (Md=0), being the Anger
emotion the lowest (M=0.24). Overall, this is a good
result considering that students faced a complex type of
learning material that was new for them and they had to
learn its functionality and how to use it for their benefit.
Finally, this result is in line with the results presented
above concerning usability.
c) The CC-LR as a valuable resource
In this section we evaluate the level of worthiness
of the CC-LR enriched with emotional information
supported by the VCS as an educational tool. To this end,
we collected quantitative and qualitative data in section
(iii) of the questionnaire from seventeen open questions
addressed to students. The rating scales for the majority
of the quantitative questions were based on the usual 0-10
point scale. The rating scale went from the lowest (0) to
the highest (10) considering a good assessment from 5.0
to 10 and a bad assessment from 0 to 4.9, being the good
assessment the expected scores for each question (n = 29;
df = 1; p ¡ 0.05 for the calculated X2).
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To evaluate the CC-LR material, we show next the
most relevant questions asked to all students and the
results (note that we used the term video-discussions to
refer the CC-LR material to be evaluated). Each of the
following four questions required to assess the CC-LR
from the questions view in the scale 0-10:
1. What do you think in general about the
video-discussions?
2. Compare the video-discussions with traditional
teaching material and tools (books, web pages,
forums, blogs, etc) and indicate pros and cons of the
video-discussions.
3. Let us know your opinion about the potential of the
video-discussions to observe how people discuss and
collaborate, and how knowledge is constructed.
4. Express your opinion about the video-discussions in
terms of efficiency and performance.
After calculating the 0-10 scale for all the four
questions and participants (n=29) we got a general mean
score of 6.93 (SD=1.96 and Md=7) with with X2(1) =
16.04, p ¡ 0.001. This result is in line with the previous
results on usability and emotions, both confirm the value
of CC-LR as an educational resource, and in turn the
value of the VCSF framework to develop pedagogically
complex learning resources.
In particular, for Question 1, students valued the
CC-LR enriched with cognitive and emotional aspects
with a very good score (M=7.28, SD=1.53, Md=7) with
X2(1) = 16.04, p ¡ 0.001, the highest score of all the
questions. Most of students found the video discussions
didactical and useful since they are based on opinions and
experiences from other students, thus helping understand
the topic of the discussion from people with similar
background and perspectives. In the same line, students
found interesting to know how other students collaborated
in previous in-class discussions from past editions of
the course. Moreover, some students indicated that
the video-discussion allows watching how knowledge is
constructed step by step in a real situation instead of
having to believe the knowledge construction process
without real evidences. Finally, most of students found
specially useful and interesting the test questions added
in certain points of the material so as to self-evaluate
their own progress by the feedback provided. On the
other hand, a few students felt some confusion of having
different opinions from each character, thus having doubts
on what character was right. Only a very few students
complained on technical issues that made uneasy to study
with this resource while others found the format of the
video-discussion monotonous and preferred to study with
traditional material (books and text-based learning units).
Finally, students did not fully understand the purpose of
the emotional scenes nor how this information could help
their learning progress in the material.
Question 2, aimed to compare CC-LR with
traditional teaching material and tools, achieved good
average scores (M=6.93, SD=2.33, Md=7) with X2(1)
= 10.822, p ¡ 0.01. Many students indicated that
the innovative format of the video-discussion engaged
them into the study and foster reflection and reasoning
processes instead of memorizing the contents. As
a result, the new learning resource helped students
understand the concepts more easily than traditional
teaching material. On the other hand, some students found
the video-discussion excellent but as a complement of the
official teaching material (traditional books and learning
units) rather than replace it. In the same line, students
indicated that the official material based on traditional
formats provide fundamental concepts that cannot be
replaced by this new type of resource. Other students
mentioned not to see further advantages from traditional
text-based discussion forums and even they found easier
to read than watch the video-discussion, while others
found the oral format faster and clearer to understand.
Finally, most of students thought that this new type of
material has a lot of potential though they were used to
reading material rather than watching it, thus needing time
and more experiences to get used to study this innovative
way.
Question 3 that seeks the potential of the VCS
tool and the embedded CC-LR material to observe how
knowledge is built, got fair scores (M=6.62, SD=1.78,
Md=7), though the lowest of all questions, with X2(1) =
8.75, p ¡ 0.01. On the one hand, most students found this
resource very useful to learn and acquire knowledge by
watching rather than reading long texts. They indicated
that the resource was very suitable for those who are
accustomed to face-to-face learning by watching people
rather than reading materials. In addition, they mentioned
that by the new resource they could observe and build
new knowledge based on others opinions and replies
on them, and as a result to form an own and mature
opinion on the discussion topic. On the other hand, some
students indicated that the content of the material should
be refined for the purpose of observing how knowledge
is constructed, such as changing the overall discussion
from sequential to tree structure and shortening certain
responses. Finally, some students reported that some
scenes were useful to observe the knowledge construction
process while other scenes brought certain level of
confusion due to the length or repetition of previous
contributions.
In line with the previous questions, Question 4
related to the efficiency and performance of CC-LR got
also good results: M=6.90, SD=2.21, Md=7, and X2(1)
= 10.82, p ¡ 0.01. Almost all students indicated that the
video-discussion was intuitive and easy to use, as well
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as very convincing from the efficiency and performance
perspective. This result is in line with the results obtained
on usability. A few students who were Linux users
reported problems with installing the VCS system in
their computer systems. Also, some students mentioned
they found the robotic voice of the animated characters
monotonous and bothering. Finally, a very few students
reported technical problems to interact with the emotional
area of the video-discussion.
Finally, students provided some hints to improve the
CC-LR in general and the emotional area of the VCS in
particular. Moreover, they suggested using this type of
learning resources in more courses and programs of the
UOC. In overall, the above are good result considering
the VCS system included in the VCSF framework is in
beta version, far from being fully developed and the user
interface needs to take several iterations of improvements
before being completed.
5. Conclusions and further developments
This contribution proposes the provision of software
infrastructure in the domain of CSCL to support the
development of modern and pedagogically augmented
collaborative learning resources. As a result, an innovative
application framework called VCSF has been presented.
Moreover, the systematic application of the VCSF
provides e-Learning domain developers the opportunity
to leverage successful collaborative learning experiences
in a software reuse fashion. The ultimate aim is to
yield more effective and prompt responses to meet the
demanding and changing pedagogical requirements of
current educational institutions by developing timely
quality pedagogically-augmented CSCL applications and
resources while saving great amounts of development time
and effort.
The architectural vision of the VCSF in the form of
a reusable software infrastructure has been presented and
evaluated to help develop complex, flexible, and advanced
types of collaborative learning resources. Each of the
components and tools forming the VCSF architecture
were first described in detail as well as relevant guidelines
and experiences gained in systematically using this
approach for the development of collaborative complex
learning resources with complex pedagogical aspects of
cognitive assessment and emotional awareness. Then,
a proof of concept of the VCSF was provided and
exhaustively evaluated in a real context of learning to
validate the mentioned goals, in terms of technical and
pedagogical benefits for both developers and educational
institutions.
Despite encouraging, the validation results achieved
are not conclusive due to the exploratory nature
of the empirical students. More experiences are
expected to come and validate the VCSF as a general
application framework to support the development of
demanding types of complex and advanced learning
resources. We plan to run experiments al larger
scale to collect more feedback of the VCSF from
both technical and pedagogical aspects. Therefore,
further directions of research will go to subsequent
iterations of the VCSF development of technological
and experimentation activities, aimed at the improvement
and refining of VCSF components from feedback
of previous iterations. This iterative approach will
allow the integration of feedback gained through
the VCSF components and tools experimentation in
further prototype implementations of the framework
and of feedback gained during implementation and
experimentation in further requirements and design
improvement.
From the technology perspective, we plan to leverage
modern multimedia technologies by integrating them into
the VCSF components and tools in order to enhance
and improve further the collaborative learning experience
from the software applications developed with our
framework.
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3. Conclusions and future directions of research 
This thesis proposes the provision of software infrastructure in the domain of CSCL to support 
the development of modern and pedagogically augmented collaborative learning resources. As 
a result, an innovative application framework called VCSF has been developed. The systematic 
application of  the VCSF provides e‐Learning domain developers  the opportunity  to  leverage 
successful collaborative  learning experiences  in a software reuse fashion. The ultimate aim  is 
to  yield  more  effective  and  prompt  responses  to  meet  the  demanding  and  changing 
pedagogical  requirements  of  current  educational  institutions  by  developing  timely  quality 
pedagogically‐augmented  CSCL  applications  and  resources  while  saving  great  amounts  of 
development time and effort [1][11]. 
The architectural vision of the VCSF in the form of a reusable software infrastructure was built 
and  evaluated  in  this  thesis  to  help  develop  complex,  flexible,  and  advanced  types  of 
collaborative learning resources. Furthermore, the VCSF architecture approach can be taken as 
a guideline to systematically develop collaborative complex  learning resources with advanced 
pedagogical aspects of cognitive assessment and emotional awareness. By means of a proof of 
concept, the VCSF has been exhaustively evaluated in a real context of learning to validate the 
goals  mentioned  on  section  1.3,  in  terms  of  technical  and  pedagogical  benefits  for  both 
developers and educational institutions [1][9].  
In particular, we show next how the main thesis objectives (see Section 1.3) were fulfilled by 
the scientific results achieved, which were reported in the many thesis’ contributions. In later 
sections, the main thesis outcomes, in terms of technology and evaluation and validation, will 
be presented. 
3.1. Thesis achievements 
The main goal of this thesis is the provision of a software infrastructure to create and support 
advanced  types  of  pedagogically  augmented  CC‐LRs  coming  from  CC‐LOs,  thus  increasing 
interaction,  challenge  and  empowerment  during  the  learning  process.  This  goal  is  fully 
discussed in [1][8][11][22] (see also figure 3), and validated as an application framework used in 
different learning scenarios and courses [1][5][6][9][10][13]. As a result, the framework can save 
development time and effort whilst providing tools for the development of collaborative learning 
resources with complex pedagogical aspects of cognitive assessment and emotional awareness. 
The above main goal comprises the following research objectives and justifications: 
 Provision of  flexible mechanisms  to  facilitate  the addition of  further  functionalities 
into  the  framework  for  extending  CC‐LRs.  Such  mechanisms  are  discussed  and 
thoroughly tested in [1] and [4]. In fact, some works are based on specific extensions of 
the presented framework. For instance the work explained in [10][13] show the ability 
of the system to  include cognitive assessment  functionalities, while the work  in  [5][6] 
present  the  extension  of  the  framework  in  order  to  support  emotional  awareness 
capabilities. 
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Figure 3 ‐ VCSF general architecture, which is compatible with multiple forums. 
 Enable LMSs to systematically reuse collaborative learning sessions by means of CC‐LOs. 
The  reusability  of  CC‐LOs  is  guaranteed  by  their  intrinsic  definition  as  explained  in 
[19][20][23][25], and the use of the SLO Repository (see figure 3) that stores CC‐LO as SLO 
elements  for  further  reuse  [3].  In  addition,  the ease of  integration of  the  framework  in 
different learning systems is enabled by the definition of an abstraction layer between the 
LMS  and  the  VCS  layer  called  'Conversion  layer'.  Such  layer  converts  the  collaborative 
session  in  the  LMS  into  a  common  specification  named  CS2  (Collaborative  Session 
Conceptual Schema), which  is  the  input  for  the VCS Layer  [7][14][17][18][24]. The VCSF 
framework  has  been  successfully  integrated  with  multiple  LMS,  including  the  Virtual 
Campus  and  the  phpBB  Web  Forums  at  UOC  [1][2],  the  IWT  system  (Intelligent  Web 
Teacher) at an Italian network of schools [84], and the Moodle system at the Universities of 
Aegean (UoA) [5][6] and Cadiz (UCA) [10][13]. 
 Leverage multimedia technologies to enhance and improve the collaborative learning 
experience. Multimedia and networking technologies are found an  important support 
for education  [76][77], providing online and  interactive  learning  resources, which can 
be  accessed  from  anywhere  and  anytime  through  the  Internet  [78].  Multimedia 
technologies also make the presentation of  learning materials easier to be adapted to 
different  learning  goals.  From  a  pedagogical  perspective,  this  flexibility  becomes 
essential  for  delivering  personalized  learning  materials  to  students  with  different 
learning styles or needs [79] as well as for allowing students to  learn more effectively 
and increase their motivation and engagement as some studies confirm [80]. The VCSF 
framework has been designed for the intensive use of multimedia technologies, such as 
animations, videos,  images, or text‐to‐speech because of the  importance of such kind 
of technologies have in education as discussed in [8][9][22]. 
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 Provision  of  authoring  tools  to  simplify  the  task  of  creating  and  modifying  CC‐LRs, 
especially for teachers and learning managers without tecnological skills. Among all the 
components and tools provided by the framework and explained in [1], there are some of 
them  specific  to  help  in  the  process  of  CC‐LR  creation.  First,  the VCS  Creator  enables 
teachers to select a forum in any of the available collaborative datasources, and convert it 
into a new CC‐LO automatically. Then, the resulting CC‐LO is playable directly without any 
effort from the teacher [3][11]. As this learning resource may contain useless and wrong 
content  from  the original  source of knowledge  (i.e. discussion  forum), an SLO Editor  is 
necessary to enable teachers to manage scenes  in the CC‐LO by,  for example, changing 
the sequence of the scenes, removing useless content or reordering concepts. Finally, the 
SLO  Editor  enables  learning managers  to  insert  new  kinds of  scenes which  enrich  the 
learning object with additional functionalities, such as cognitive assessment [10][13] and 
emotional  awareness  [5][6].  These  extensions  convert  the  CC‐LOs  into  a  new  kind  of 
complex learning resource called CC‐LR [8][9][4]. 
 Promote  the  use  of  eLearning  standards  in  order  to  enhance  interoperability  and 
portability of learning systems and applications. The interoperability between the VCS 
framework  and  eLearning  systems  in  order  to  obtain  and  convert  available 
collaborative sessions into CC‐LOs is based on the use of standards. The CS2 was defined 
based on the SIOC (Semantically‐Interlinked Online Communities) and FOAF (Friend of a 
Friend)  standard  ontologies  [2][17][18],  in  order  to  enable  the  share  of  information 
between the collaborative session source and the VCS framework. The CS2 specification 
is extensively discussed in [7].  
3.2. Main thesis outcomes 
The  research  work  of  this  thesis  was  partially  performed  within  the  Seventh  Framework 
European Programme project called ‘Adaptive Learning via Intuitive/Interactive, Collaborative 
and  Emotional  systems’  (ALICE)2,  where  the  candidate  participated.  This  project  was  run 
between  2010  and  2012  and  was  devoted  to  providing  on‐line  collaborative  learning  with 
authentic  interactivity,  challenging  tools  and  user  empowerment, with  the  ultimate  aim  to 
influence learner motivation and engagement (see the project deliverables co‐participated by 
the  candidate  [23][24][25]).  As  a  result,  a  new  type  of  LO  called  Collaborative  Complex 
Learning Object  (CC‐LO) was created and managed by  the VCSF system, with  the purpose  to 
register live collaborative sessions and produce an animated storyboard such that learners can 
observe  how  people  discuss  and  collaborate,  and  how  knowledge  is  constructed 
[3][7][11][19][20]. 
In  particular,  the  development  of  the  VCSF  prototype  was  investigated  from  an  inductive 
methodological  perspective  considering  the  CC‐LO  as  an  input  to  collect  the  relevant 
requirements  so as  to build our general  framework  to create many  types of CC‐LO  [11].   The 
notion  and  nature  of  the  CC‐LO was  first  validated  by  running  extensive  tests  on  a  proof  of 
concept of the VCS system that embeds a CC‐LO [3]. These validation activities were carried out 
following  the  same  methodological  procedures  in  several  international  sites  with  different 
                                                            
2 ALICE Project web site: http://www.aliceproject.eu  
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perspectives and expectations  towards  the  research presented  in  this  thesis. This  includes  the 
evaluation of the VCSF in the real context of learning of the Open University of Catalonia [2][9].  
The VCSF components and tools (see next section for a more detailed description) allowed for 
the  creation,  management  and  reproduction  of  a  new  type  of  learning  resource  called 
Collaborative  Complex  Learning  Resource  (CC‐LR)  as  an  extension  of  the  CC‐LO  approach, 
which turned out to have an  important  impact  in the knowledge acquisition and the  learning 
performance  [4].  In  particular,  the  VCSF  Editor  tool  incorporated  into  CC‐LR  new  forms  of 
cognitive assessment to empower the learning experience and improve the student motivation 
and  engagement  [13][16][19].  In  addition,  the  embodiment of  emotion  awareness provides 
the system with the ability to capture engineering students’ affective state during the use of 
the  learning  resource  [5][6][11]. Students could eventually consume  these complex  features 
and  the  whole  learning  resources  by  using  the  VCSF  Player  tool.  Finally,  intensive 
experimentation and validation activities of the VCSF were conducted in real on‐line courses in 
order  to  create,  manage  and  integrate  attractive  and  challenging  CC‐LRs  to  support  the 
collaborative learning activities, in particular in‐class discussions [1][3][4][5][6].  
Overall,  the VCSF components and  tools allowed  for creating CC‐LRs with complex cognitive 
and  emotional  dimensions,  which  provided  learners  with  balanced  levels  of  challenge, 
interaction and empowerment during the collaborative learning experience [1][4].  
3.2.1. Technological outcomes 
Here, the most relevant technological outcomes of the thesis are described in more detail (see 
also  figures  2  and  3  in  Section  1  for  graphical  representations).  In  particular,  (i)  the  VCSF 
framework, (ii) the VCS tools and services and (iii) the VCSF products are presented. 
a) VCSF Framework 
The VCSF  architecture  (see  figure 3)  is made up of  two  layers, namely Conversion  and VCS 
layers,  which  both  leverages  a  new  ontological  specification  called  Collaborative  Session 
Conceptual Schema (CS2) also developed within this thesis work The VCSF architecture includes 
the Conversion layer, which converts data from different data sources of collaborative sessions 
into a CS2  [7]. Then,  the VCS  layer creates an SLO  from  the CS2 data and stores  the SLO  in a 
special  repository  for  further use of  the  system  tools and  services. Next,  these architectural 
components and the CS2 common ontology specification are explained in more detail. 
 Conversion layer 
The  Conversion  layer  of  the  VCSF  defines  a  generic  converter  component  that  can  be 
particularly  implemented  for  specific data  sources  from  forums  and  chats  tools of different 
LMS. The input of each converter component is collaborative data from a specific data source, 
and the output is a representation of such data using a common specification named CS2. The 
CS2 model defines entities and relations between them for describing collaborative sessions in 
a  simple  way.  Each  converter  will  map  data  from  the  corresponding  data  source  into  CS2 
entities.  During  the  VCSF  prototype  implementation,  converters  for  different  data  sources 
were developed, including those for IWT forums [46] and phpBB Forums at UOC [2]. 
 
An Application Framework for the Systematic Construction of  
Multimedia‐based Collaborative Complex Learning Resources 
 
71 
  
 CS2 Ontology  
The  CS2  ontology  it's  aimed  to  provide  the  VCS  Layer  with  a  unique  and  common 
representation  of  collaborative  data,  independent  from  its  origin.  It  is  based  on  the 
Semantically‐Interlinked Online Communities (SIOC) and Friend of a Friend (FOAF) ontologies. 
CS2  can be  stored or  imported  from  files  in Collaborative  Session Markup  Language  (CSML) 
format,  which  is  in  turn  based  on  the  RDF  representation  for  the  SIOC  ontology  (see 
[7][17][18],  for  an  exhaustive  procedure  view).  The  CSML  data  representation  is  an 
outstanding outcome of this thesis work as it is expected to become standard in the future for 
the representation of data from live collaborative sessions (see [7] for an extensive review). 
 VCS layer 
The VCS  layer  is  the  core of  the VCSF architecture  (see  figure 3). This  layer  includes all  the 
components, services and tools that enable the creation, edition and reproduction of CC‐LOs 
and CC‐LRs in SLO format [1].  
b) VCSF tools 
All the above‐mentioned VCSF artifact, services and tools are described briefly below. See [1] 
and figure 2 for further explanation of each component. 
 VCS Creator tool 
The VCS Creator tool allows teachers to select a collaborative source form a list of available  live 
discussion experiences, and to create a CC‐LO from  it. The creation  is a two‐step process: first, 
the data from the collaborative source  is retrieved as CS2 by using the corresponding converter 
component; second the 'CS2 to SLO' component of the VCS Layer creates the corresponding CC‐
LO for the obtained CS2, which is stored into the SLO repository for further use. 
 VCS Editor and player tools 
An editor tool was developed in order to augment the CC‐LO and convert them into CC‐LR with 
author‐generated  information (see figure 2). For  instance, e‐assessment scenes can be added 
to  the VCS,  such  as  tests  (with  optional  jumps  to  storyboard  scenes)  as well  as  supporting 
videos, to be connected with scene parts according to the dialogue timeline. As a result, tutors 
are provided with edition capabilities of the SLOs, such as cutting scenes, modifying  involved 
characters, selecting emotional states, dialogues and connected concepts. 
In  order  to  be  able  to  reproduce  SLOs,  a  player  tool  was  also  developed.  This  tool  uses 
different types of graphical interfaces to reproduce each type of scene defined into the SLOs, 
and enables the users to navigate between scenes, and start, pause or stop reproduction. 
 VCS Services 
The VCS tools rely on a set of services that provide some common functionality: 
o SLO Repository Service: gives access to the SLOs in the repository. 
o Speech Service: provides text‐to‐speech functionalities. 
o Conversion  Service:  is  the  service  in  charge of  the  conversion process between data 
sources and the SLO format. 
o Activity log service: gathers activity information and logs it for evaluation purposes. 
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 VCSF Extensibility 
The VCSF architecture was designed  to be extensible enough  to enable  the addition of new 
functionalities  either  on  the  CC‐LR  objects  and  the  available  tools.  Two  important 
pedagogically‐based extensions were successfully integrated into the VCSF in order to support 
cognitive assessment [16] and emotional awareness capabilities [15]. The integration of these 
capabilities is addressed from two time dimensions, namely deferred and immediate time [13]. 
The  deferred  time  approach,  on  the  one  hand,  analyzes  data  coming  from  the  live 
collaborative  session  and  considers  information  about  the  participants  and  contributions 
found  in the original collaboration (i.e. the forum tool supporting the  live discussion). On the 
other hand,  immediate approach  focuses on  the student who  is consuming  the CC‐LR and  is 
addressed by  creating  specific  types of  interactive  scenes  that provide  feedback. Next, both 
extensions are explained in more detail (see figure 4). 
 
Figure 4 ‐ An SLO generated from a live discussion is edited by the VCS‐SLO Editor to create a CC‐LR, which contains 
different types of scenes and author information. Two different areas are provided in the SLO Player: the video‐
discussion area is shown on the left (a) while the emotional area is shown on the right (b). 
 Cognitive assessment 
Cognitive assessment is essential in virtual collaborative learning scenarios because it provides 
many  forms of  feedback  to  students about  their  learning progress,  thus getting  them more 
engaged in the on‐line learning process (see [16]).  
The  VCSF  supports  deferred  time  assessment  by  processing  the  contents  of  collaborative 
sessions  (e.g. post  tags, number of posts,  replies, etc.) and presenting CC‐LR consumers  some 
visual  indicators,  such  as  the  most  important  contributions  and  active  participants  in  the 
collaboration. The teacher can run an automatic post tagging system included in the SLO Editor, 
which  automatically  assigns  a  tag  to  each  original  post  by  processing  the  corresponding  text 
following a machine  learning approach  (see  [81]  for  the complete procedure). The  teacher or 
learning designer can also manually edit this tag to best express the post's original intentions.  
Immediate time assessment (see figure 5) is implemented in the VCSF as a set of specific scenes 
with  test questions about  the discussion  topic and appropriate  feedback  from  the  test results. 
Assessment scenes are created and handled by the SLO Editor tool, which permits the teacher to 
edit the test questions and answers as well as define a set of feedback rules that change the flow 
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of the SLO depending on the result obtained  in the test. Hence, whether the answer  is right or 
wrong,  the  student  may  be  redirected  either  to  the  next  scene  or  to  a  previous  scene 
respectively.  In  case of  failing  the  same  test  repeatedly  the  students may be  redirected  to  a 
special scene with complementary material on the test topic, thus filling the knowledge gaps. 
 
Figure 5 ‐ Immediate cognitive assessment with an evaluation test shown with automatic feedback. 
 Emotional awareness extension 
Emotional  awareness  (see  figure  6)  is  considered  a  relevant  aspect  of  e‐learning,  providing 
feedback  to  user  emotions  while  learning  can  help  orientate  students  and  increase  their 
engagement  (see  [15],  also  for  a  complete  view  of  the  emotional  procedures  of  the  VCSF 
described next). 
 
(a) Emotion report 
 
 
 
 
 
 
 
 
(b) Affective feedback 
Figure 6 ‐ Immediate emotional awareness; on the left (a) the learner is asked about the emotional state, from 
which, on the right (b), an agent provides an empathetic response. 
Similarly to the cognitive assessment perspective, the VCSF approaches emotional awareness 
also from two time dimensions, namely deferred and immediate time.  
On  the one hand, emotional awareness  in deferred  time shows  the emotional state of each 
original participant while posting the corresponding message to the live collaborative session. 
This emotional state is calculated during the conversion from CS2 to SLO in case of that the CS2 
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data contains emotional state  information from the  live collaborative session. The SLO editor 
tool also enables the teacher to set up the emotional state of the participants in each dialog in 
order to best transmit the original participants emotions. 
On the other hand, emotional awareness in immediate time is implemented by a set of scene 
types that can be created and managed by the SLO Editor tool, which ask the current student 
who consumes  the CC‐LR about her emotional state using non‐verbal  reporting mechanisms 
(i.e.  icons). Based on the student's selection of emotions, certain predefined empathetic and 
affective response is shown in order to engage or motivate the student to move forward. 
c) VCSF products 
Here,  the  main  VCSF  products  are  presented  briefly  as  new  paradigms  for  e‐learning 
participated in the context of this thesis work. 
 CC‐LO (Collaborative Complex Learning Object) 
A CC‐LO  is a  representation of collaborative data  in  the  form of  scenes and  transition between 
them. The scenes can be of different types and contain more or less information depending on the 
collaborative source (see full description in [3]).  
 SLO format (Storyboard Learning Object) 
CC‐LOs and CC‐LR are stored in a file repository using the SLO format, which as its name indicates, 
stores  the content using a  storyboard  structure. The SLO  repository enables  the availability and 
reusability of the stored SLOs (see full description in [3]). 
 CC‐LR (Collaborative Complex Learning Resource) 
The  VCS  edition  tools  enable  teachers  to  modify  the  CC‐LOs  structure  and  to  extend  it  with 
complex  functionalities  (e.g.,  cognitive  assessment  and  emotion  awareness  explained  above) 
converting  them  into CC‐LRs  (which  can be  saved back  into  repository  in  SLO  format)  (see  full 
description in [4]) 
3.2.2. Evaluation and validation 
Three empirical studies were conducted  to evaluate  the VCSF Framework:  (i) subjective user 
assessment,  (ii)  in‐class  experimentation  with  real  students,  and  (iii)  technical  testing  for 
developers. All these studies were performed on a proof of concept of a CC‐LR coming from a 
SLO built and supported by the VCSF framework. Therefore, the results and  interpretation of 
these  studies  help  validate  the  underlying  VCSF  framework  used  to  develop  the  proofs  of 
concept in different collaborative learning tools [1], [9]. 
a) Subjective user assessment 
The design of  this  study  consisted of  two user assessments of  the VCSF  framework used  to 
develop a CC‐LR embedded in the VCS platform with the aim to evaluate the proof of concept. 
The  first  user  assessment  was  at  Coventry  University  Serious  Games  Institute  in  United 
Kingdom  (Site A), and  the second at  the company Modelli Matematici e Applicazioni  in  Italy 
(Site B).  In both sites, the object of the experiment was only the CC‐LR play, thus comments 
and results are only relating to this aspect.  
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The  test group at Site A was  formed by  three members: a researcher with knowledge about 
the CC‐LR approach but not directly involved in the VCSF (Expert), a doctoral student working 
in  a  technical  discipline  but  unfamiliar with  the VCSF  approach  (Technician)  and  a  doctoral 
student unfamiliar with the VCSF approach and working in a non‐technical discipline (Novice). 
At Site B the test group was composed by two members: an analyst programmer working in e‐
learning projects (Expert) and a computer science student (Novice). 
Table 1  shows basic  statistics of  the quantitative marks on  the 5 point  Likert  scale with  the 
following range values:  I strongly disagree  (1),  I disagree  (2), neither/nor  (3)  I agree  (4) and  I 
strongly agree (5). The indicators of interest considered were: 
1. Create, edit, manage, store and playback the generated storyboard. 
2. The VCS prototype allows users to observe how knowledge is constructed. 
3. The cognitive  information provided  in the CC‐LR becomes an enjoyable and complete 
collaborative learning experience. 
 
Table 1 – Subjective user assessment quantitative results with mean (M) and standard deviation (SD) statistics. 
In  summary,  all  the  indicators  scored  over  the  average  0‐5  (see  Table  1).  In  particular, 
indicators #1 and #2 were well scored by all testers who acknowledged that the new learning 
material  (CC‐LR)  was  engaging  and  entertaining  though  the  sense  of  empowerment  may 
depend on individual learners. In general, users acknowledged the system was more engaging 
and  entertaining  that  the  static web  forums used  as  a  source of  learning  content  and  they 
commented  on  the  robustness  of  the  interface.  The  lowest  scores  were  caused  by  some 
technical  or  usability  concerns  found  by  Novice  users,  although  they  describe  the  overall 
experience as enjoyable. In site B the Expert user rated the third indicator very low because he 
found the assessment scenes potentially problematic if abused or not designed in line with the 
course objectives. This was considered a pedagogical rather than a technical issue. 
b) In‐class experimentation 
The ultimate goal of this test was to evaluate the pedagogical benefits of the VCSF approach to 
build a CC‐LR and analyze their effects in the learning process. The experimentation took place 
in  the  real  context of  learning of  the UOC.  For  the execution of  the  test, a new CC‐LO was 
created using the VCSF framework from an existing live collaborative forum at UOC, and then 
converted  it  into  a  CC‐LR  with  the  VCS  editor  by  including  emotional  and  assessment 
information. Then the students had to use the CC‐LR as a new material to support an activity 
consisting  on  filling  a  test  with  questions  on  software  projects  management.  After  the 
experiment, students were asked to fill out a questionnaire, which included: 
 Test‐based evaluation on the usability of the VCS system 
 Test‐based evaluation on the emotional state when using the VCS system. 
 Test‐based evaluation of the CC‐LR consumed. 
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 Usability assessment 
To  evaluate  student’s  satisfaction  with  the  tool  as  regards  efficient  and  user‐friendly 
management,  we  collected  data  from  students’  ratings  and  open  comments  on  the 
usability/functionality/integration  of  the  tool.  We  used  the  System  Usability  Scale  (SUS) 
developed by Brooke [85], which contains 10 items and a 5 point Likert scale to state the level 
of  agreement  or  disagreement  (it  ranges  from  “I  strongly  disagree”  (1),  “I  disagree”  (2), 
“neither/nor”  (3)  to  “I  agree”  (4),  “I  strongly  agree”  (5)).  SUS  is  generally  used  after  the 
respondent had an opportunity to use the system being evaluated. SUS scores have a range of 
0 to 100 with an average score of 68, obtained from 500 studies. A Score above 68 would be 
considered  above  average  and  anything  below  68  is  below  average.  A  score  above  80.3  is 
considered an A (the top 10% of scores). Scoring the mean (68) awards a C and anything below 
51 is an F (putting one at the bottom 15%). 
The  SUS  score  for  each  student  (n=24)  obtained  an  average  of  69.27,  thus  above  the  SUS 
mean. See figure 7 and also [1] for the results on each SUS item, which show that the usability 
of  the  video‐discussion  enriched  with  complex  aspects  was  judged  satisfactory  or  very 
satisfactory in line with the general SUS score.  
 
Figure 7 ‐ Results on the SUS items a) “I think I will use the video‐discussion often”, b) “I think the video‐discussion 
was unnecessarily complex”, c) “I think that I would need the support of a technical person to be able to use the 
video‐discussion”, d) “I would imagine that most people would learn to use the video‐discussion very quickly” and  
e) “I felt very confident using the video‐discussion”. 
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 Emotional assessment 
To  investigate the emotional state of the students using the new system, the 12  items of the 
Computer Emotion Scale (CES) [86] were included. The CES scale is used to measure emotions 
related to learning new computer software. Research showed that the 12 items are describing 
four emotions:  
• Happiness (“When I used the tool, I felt satisfied/excited/curious.”) 
• Sadness (“When I used the tool, I felt disheartened/dispirited.”) 
• Anxiety (“When I used the tool, I felt anxious/insecure/helpless/nervous.”) 
• Anger (“When I used the tool, I felt irritable/frustrated/angry”) 
The answer categories in this section are “None of the time”, “Some of the time”, “Most of the 
time” or  “All of  the  time”. The obtained  results  from a 4‐point  rating  scale  (n=24)  for each 
emotion are shown in figures 8 and 9, and described in [1]. 
 
Figure 8 ‐ Results on the Happiness emotion 
 
Figure 9 ‐ Results on Sadness on the left (a), Anxiety in the middle (b), and Anger emotion on the right (c). 
In sum, students felt more often happiness than sadness, anxiety or anger when studying with 
the new  learning material  (CC‐LR). The most noticeable  result  regards Happiness, attributing 
the highest value to it, while the values of Sadness, Anxiety and Anger emotions were very low, 
almost inappreciable (Md=0).  
 CC‐LR as a valuable resource 
In  this  section  we  evaluate  the  level  of  worthiness  of  the  CC‐LR  enriched  with  complex 
information  and  supported  by  the  VCS  as  an  educational  tool.  To  this  end,  we  collected 
quantitative  and  qualitative  data  of  the  questionnaire  that  included  seven  open  questions 
All of the 
time
Most of the 
time
Some of the 
time
None of the 
time
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addressed  to students. The  rating scales  for  the majority of  the quantitative questions were 
based on the usual 0‐10 point scale. The rating scale went from the  lowest (0) to the highest 
(10) considering a “good” assessment  from 5.0  to 10 and a “bad” assessment  from 0  to 4.9, 
being the “good” assessment the expected scores for each question (n = 24, df = 1 and p < 0.05 
for the calculated Chi‐square (χ²)). 
To  evaluate  the  video‐discussion  (CC‐LR) material,  the  following  questions were  asked  to  all 
students (each question required to assess the CC‐LR from the question’s view in the scale 0‐10): 
1. What did you like and what you did not like from the video‐discussions. 
2. Compare  the  video‐discussions  with  traditional  teaching  material  and  tools  (books, 
web pages, forums, blogs, etc) and indicate pros and cons of the video‐discussions. 
3. Do you  think  the video‐discussions have helped you acquire more knowledge about 
the discussion topics in comparison to the text‐based forums?  
4. Express  your  opinion  about  the  video‐discussions  in  terms  of  efficiency  and 
performance. 
5. Let  us  know  your  opinion  about  the  potential  of  video‐discussions  to  observe  how 
people discuss and collaborate, and how knowledge is constructed. 
6. Do you  think  that both performance  indicators on each character and  test questions 
integrated in the video‐discussion allowed you to understand the contents of the video 
and acquire more knowledge?  
7. Indicate whether the consideration of both characters’ emotional states and your own 
emotional  state  in  the  video‐discussion  has  had  any  impact  on  your  learning 
experience? 
After calculating the 0‐10 scale for all the seven questions and participants (n=24) we obtained 
a general mean score of 6.28 (SD=1.31 and Md=6.5) and χ² (1) = 4.46, p < 0.05. These results 
are  in  line with  the previous usability and emotion assessment  results, both  confirming  the 
value of CC‐LR as an educational resource. See [1] for the description of the results for each of 
the seven questions. 
c) Technical testing 
The aim of  this  scenario was  to  test  the whole building process of a CC‐LR by means of  the 
VCSF  framework.  This  experimentation,  therefore,  focused  on  testing  the  technical  and 
functional aspects of the VCSF components and tools to generate and manage CC‐LR. To this 
end, the test was conducted at the UOC site from the developers and lecturers viewpoint. The 
results of this study provide relevant feedback of how the VCSF supports developers  in order 
to  create  complex  learning  resources  with  the  frameworks  components  and  services. 
Additionally,  combined  feedback  is  provided  by  the  lecturer  as  a  user  of  the VCSF  tools  to 
manage the CC‐LR generated by the developer. Therefore, in this phase of the experiments we 
were primarily interested in the functionality of the VCSF. 
The experimentation procedure was divided into four steps or work sessions (see [1] for more 
detail):  
o Work  session 1: The developer  collects  requirements  for  the  integration of VCSF 
with UOC phpBB forums and IWT forums, and prepares the later development. The 
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lecturer  chooses  two  representative  collaborative  sessions  (one  from  each  data 
source) in order to convert them into SLO later.  
o Work session 2: The developer creates a converter for each data source in order to 
enable the conversion from those  into a CS2 model so the VCSF can convert them 
into SLO. 
o Work  session 3: The  lecturer  creates  the  selected  collaborative  sessions  into SLO 
using  the VCS Creator  tool and  the converters created by  the developer on work 
session 2. 
o Work session 4: The lecturer work on the newly created SLO to produce a teaching 
material in the form of CC‐LR with the SLO Editor. 
The  results of  the experiment were evaluated  taking  into account  two main aspects:  (i)  the 
time required to run the tasks, and (ii) the experience with VCSF as a valuable resource. 
 Time to run the experience 
The time  invested  in the whole experiment was quite high for the developer (22 hours), and 
slightly  higher  time  than  expected  for  the  lecturer  (3  hours  and  20  minutes).  As  for  the 
developer, the high time spent was  in  line with the high  learning curve needed to exploit the 
VCSF potential efficiently, as pointed out by the developer. The developer also mentioned that 
after learning how to use the framework the development time would surely decrease in next 
developments. As for the  lecturer, most of the time was spent  in preparing the dialog scenes 
of  the  CC‐LR,  and  creating  the  tests  (assessment  scenes).  The  lecturer  was  also  asked  to 
estimate the time required to create more CC‐LRs. The answer was that time would  increase 
linearly.  
 VCSF as a valuable resource 
The lecturer found IWT a very complete and useful suite of tools and functionalities for helping 
teachers and students in e‐learning activities. In particular, the lecturer reported that he liked 
the ability of editing and personalizing each SLO in order to meet the specific requirements of 
the  course.  The  developer  said  the  system  architecture  is well  designed,  and mentioned  it 
enables the integration of different data sources with the system.  
When asked for problems found with the system, the  lecturer found the VCSF tools not very 
intuitive  (especially  the  SLO Editor)  and,  for  this  reason,  is hard  to use  them  the  first  time. 
However,  he  added  that  considering  the  resulting  CC‐LR  is  a  real  learning  material  if  we 
compare it to the workload to create a regular learning module or activity, the effort to create 
a CC‐LR with the SLO Editor might be reasonable. The developer complained about the lack of 
interoperability  of  the  services  and  tools  of  the  framework  because  they  are  too  tight  to 
Microsoft technologies. 
Recommendations were  in  line with  the  comments provided  in  the previous questions. The 
lecturer asked  that  the SLO Editor  should be  improved  in order  to  facilitate much more  the 
work and suggested to add functionalities to enable mass modifications. The developer keep 
insisting  on  the  interoperable  issues,  such  as  tools  could  be  implemented  using  a  more 
portable technology like html5. 
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In  summary,  the  lecturer  recognized  that  VCSF  is  a  great  platform,  with  a  lot  of  useful 
functionalities,  although  he  pointed  out  that  the  learning  curve  to  exploit  its  potential 
efficiently  is rather high. The developer thought that the  integration  itself  is easy  if you have 
clearly in mind the data source model and CS2, and then you define a mapping between them. 
He remarked the need for a migration to more portable technologies. 
3.3. Future directions of research 
Further directions of research will go to subsequent iterations of refinement and improvement 
of the VCSF framework and components from the feedback gained during implementation and 
experimentation in previous iterations.  
From  the  technology  perspective,  the  next  steps  in  the  VCSF  development  will  focus  on 
improving  the  usability  of  the  framework  tools  in order  to  reduce  the  effort  to  create  and 
manage  CC‐LRs with  the  Editor  tool  and  provide  new  interesting  features,  such  as massive 
edition operations, import and export capabilities, enhance categorization of messages, etc.  
In  addition,  the  VCS  Player  tool  can  be  also  improved  taking  into  account  the  feedback 
obtained during the tests; apart from enhancing the user experience  in general, the aim  is to 
include more multimedia  resources,  improve  interactivity, navigation  and other  aspects  like 
the text‐to‐speech quality.  
The  creation  of  new  types  of  scenes  to  enrich  the  navigability  and  increase  the  types  of 
available resources will be also an improvement for the platform. In particular, the creation of 
new  scenes  or  modification  of  the  existing  ones  for  the  integration  of  student's  affective 
monitoring in order to better guide them into the learning process.  
Another technical goal for future versions of the platform will include the migration of existing 
tools  and  components  to  more  portable  technologies  in  order  to  make  them  more 
interoperable with other e‐learning platforms. The  increase of  the use of standards will also 
help  to  this  purpose.  In  the  same  line,  the  creation  of  more  conversion  tools  for  other 
collaborative sources will ensure the compatibility of the VCSF with more data sources. 
From pedagogic perspective, ongoing work aims  to develop clear guidelines  for  the creation 
and use of CC‐LOs both within different engineering application domains  (e.g., software and 
computer engineering) and by engineering educators on a wider scale, and the promotion of 
the framework and the reusability of the generated CC‐LRs. A first step towards this direction 
has been to make the complete VCSF source code accessible at the web‐based hosting service 
GitHub (https://github.com/dganan/VCSF), as an opportunity to share it with other institutions 
and researchers.  
The VSCF  framework  is expected  to be of great help both  for  software developers of  the e‐
learning  domain  and  for  educators.  The ultimate  aim  is  to  yield more  effective  and  quality 
pedagogically‐augmented  CSCL  applications  and  resources  while  saving  great  amounts  of 
development time and effort. 
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